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ABSTRACT
GIS PREDICTIVE MODELLING IN THE DANIEL BOONE NATIONAL FOREST:
SETTLEMENT PATTERNS DURING THE INTENSIFICATION OF HORTICULTURE
Jacob Max Ray
July 19, 2021
In this study, I explore the Late Archaic and Woodland settlement patterns (3,000 BC
– 1,000 AD) in the Daniel Boone National Forest, Kentucky, and surrounding region within
the context of the intensification of horticulture. GIS predictive modelling via automated
learning algorithms are employed to explore various environmental variables that may have
influenced where and why horticultural intensification occurred. Predictive models using
random forest and maximum entropy are created and compared for the Late Archaic and
Woodland periods. Results show only minimal variance between the Late Archaic and
Woodland settlement patterns within the study area with slope and elevation identified as the
most important environmental variables. Additional specificity and categorization of the data
may serve to refine the findings and reveal further variances or similarities between the Late
Archaic and Woodland periods.
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INTRODUCTION
The Daniel Boone National Forest and surrounding areas in Eastern Kentucky
bear a long history of indigenous habitation and development. Within the deep history of
the region is one of the most important developments regarding human occupation of any
given landscape, the adoption of horticulture. The advent of horticulture has occurred
independent of outside influence in many locations across the globe, with the region of
Eastern Kentucky being one of them (Smith 2015: 215-219). Typically, this occurrence is
accompanied by many societal and behavioral changes as horticulture becomes more
incorporated into the subsistence practices, ultimately altering the way in which
populations settle and use the landscape. In Eastern Kentucky, the adoption of
horticulture is recognized to have begun in the Late Archaic period, experiencing
intensification through the Woodland period (Gremillion 1998; Smith and Yarnell 2009).
Due to the dynamic landscape of the region, Eastern Kentucky has become a hotbed of
debate surrounding exactly when, where, and why horticultural subsistence was
intensified. The dynamic landscape and plethora of rich archaeological sites in the region
offer grounding for many different inquiries and hypotheses seeking to answer these
questions about horticulture. Currently, the debate can largely be separated by two
archaeologists, Kristen Gremillion’s and Bruce Smith’s, hypotheses based in the
archaeological record (Gremillion 1998; Smith 2015).

1

Horticulture Adoption/Intensification Debate
The mystery surrounding how humans domesticated plants and began practicing
horticulture remains unresolved (Miller 2018; Moore and Deckle 2010). Two competing
models have been proposed by Bruce Smith (Smith 2015) and Kristen Gremillion
(Gremillion 1998; Gremillion et al. 2008). Each offers a hypothesis interpreting the
archaeological evidence and conditions that may have led to this significant shift, and
both models place either the upland or lowland regions of eastern Kentucky at the core of
the debate. If either of these hypotheses are correct, some evidence of the reaction to the
causal conditions they assert should be present in the settlement pattern findings of this
thesis.
Lowland Origins – Smith
Most recently, Smith (2015) proposes niche construction theory best explains the
origins of agriculture in the Southeast, and he suggests this process occurred in lowland
floodplains (Smith 2011). Smith (2015) explains that modifications of the environment
created by its inhabitants change the evolutionary selective pressures on the organism
doing the modification, the organism(s) being modified, and other organisms not directly
involved in the action. These modifications subsequently affect later generations as well,
leading to early horticulturalists constructing their own niche at the macroevolutionary
level (Smith 2015:229-231). In his view, the archaeological record reflecting a trend
towards settling in the resource abundant bottomlands during the Late Archaic period,
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and he posits that this is where the adoption of horticulture began (Jefferies et al. 2005:34; Smith 1989:1568).
In the floodplain regions in the bottomlands, Smith (Smith 2015:230-233)
describes how many sites show consistent reoccupation as evidenced by middens and
details how a large amount of anthropogenic soil disturbances would have occurred, thus
creating an ideal location for the colonization of weedy small seed producing plants
native to the region. This colonization marks the beginning of the domestication process
through initial toleration of the various species to intentional encouragement, followed by
active production by way of planting (Smith 1989:246). Smith explains that by
establishing their settlements in the resource rich riverine and wetland environments of
the bottomlands, the inhabitants would then screen the available resources and identify
the useful ones which would then be intergenerationally exploited, forming the human
plant relation through a positive feedback loop, causing the plants to evolutionarily
become more useful through time (Smith 2015:230-231).
Upland Origins – Gremillion
Gremillion uses a diet breadth model (Gremillion 1998) to propose that the
adoption of horticulture occurred as a response to environmental pressures, primarily in
the availability of traditionally important food sources in upland settings. The diet
breadth model ranks food sources by their profitability and assumes that their collection
would be prioritized accordingly. The variety in the diet depends on the abundance of the
most profitable resource, with a high availability causing a narrow breadth, and low
availability a wide breadth (Gremillion 1998:150-151). Gremillion explains that small
seed weedy plants would likely be a low ranked resource, having little immediate return.
3

However, experiencing pressures such as environmental resource depletion, social
conflict, climate change, overpopulation, etc. may have caused groups to move away
from the bottomland areas and into the uplands. This move into the uplands would have
caused a change in the availability of food resources and thus a reordering of their value,
bringing weedy plants to a point of inclusion, beginning their domestication process
through a positive feedback loop as Smith described, ultimately culminating in
horticulture (Gremillion 1998: 150-151).

While much of the research done in this

region is focused on trends between cultural periods and interpretations based on findings
of individual or groups of sites, a regional project, encompassing the entirety of the
archaeological record for the Late Archaic and Woodland periods has yet to have be
performed. In this thesis, I seek to perform an all-encompassing regional analysis of the
region by way of GIS software and predictive modelling in an effort to achieve three
goals. 1. Create spatially-explicit predictive models of the Late Archaic and Woodland
period site locations to aid the forest service employees of the Daniel Boone National
Forest. 2. Identify the most important relationships between settlements and the
landscape through the analysis on environmental variables. 3. Identify the differences in
the spatial distribution of settlements between the Late Archaic and Woodland periods
within the context of the change from hunting and gathering to horticultural subsistence
economies.

4

BACKGROUND
Study Area
The study area for this thesis is comprised of the Daniel Boone National Forest
and a 16.1 km (10 mile) zone surrounding the national forest proclamation boundary,
encompassing approximately 20,339 sq km (7,853 sq mi) (Figures 1-2). Founded in 1937,
the Daniel Boone National Forest (DBNF) is located in Eastern Kentucky and is
administered by the Forest Service, a department of the United States Department of
Agriculture (USDA, FS). After a series of land acquisitions since 1937, the DBNF
proclamation boundary currently encompasses an approximate area of 8,266 sq km
(3,192 sq mi) of land in a relative North-South orientation with one discontinuous area
located East of the main body (USDA, FS). Much of the land within the proclamation
boundary is privately owned with the Forest Service held lands being highly fragmented
though no distinction is made between public and private lands in this thesis.
The study area encompasses land within four management areas zoned by the
Kentucky Heritage Council. These are the Upper Cumberland, Bluegrass, Upper
Kentucky/Licking, and Big Sandy (Pollack 2008:16-18). In the south, the Upper
Cumberland management area is divided into two sections, Lake Cumberland, and the
Southeastern Mountains, both of which are represented in the study area. The Eastern
portion of the Lake Cumberland and entirety of the Southeastern Mountains sections lie
on the Cumberland Plateaus with the terrain being very dissected.
5

The Southeastern Mountains section contains narrow valleys with floodplains flanked by
cliffs with numerous rock shelters, primarily along the Cumberland River and its
tributaries (Pollack 2008: 16-17). In the north, the Bluegrass management area is divided
into three sections, Central Bluegrass, Northern Bluegrass, and Eastern Bluegrass, with
the study area encompassing small portions of the Eastern and Central Bluegrass
sections. Generally, the terrain of the Bluegrass management area is comprised of gently
rolling plains with some areas exhibiting deeply entrenched rivers with narrow
floodplains adjacent (Pollack 2008:17). To the east, the Upper Kentucky and Licking
management area is divided into two areas, the Gorge, and Interior Mountains, both of
which are encompassed in part by the study area. The Upper Kentucky/Licking
management area lies nearly entirely within the Cumberland Plateaus with many
dissected river valleys with steep-sided walls accompanied by cliffs. Floodplains are
found intermittently along the rivers with rock shelters, though they are more common in
the Gorge section than the Interior Mountains section (Pollack 2008:18). In the Northeast,
the Big Sandy management area is divided into two regions, the upper and lower Big
Sandy with the lower Big Sandy being present in the study area. The lower Big Sandy
section of the Big Sandy management area lies wholly within the Cumberland Plateau,
exhibiting many maturely dissected river valleys with floodplains adjoining (Pollack
2008: 18). Generally, the majority of the study area can be characterized as being very
rugged terrain with numerous river valleys though some variance does occur, such as in
the Eastern edges of the study area outside of the Cumberland Plateau, where terrain is
much less variable.
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Figure 1. The location of the Daniel Boone National Forest and Study Area within Kentucky

Geology and Physiography
The study area contains three of Kentucky’s physiographic regions, the Eastern
Kentucky Coal Fields (Cumberland), pennyroyal (Mississippian Plateau), and the Knobbs
(Figure 2 and 3). The Cumberland physiographic region comprises most of the study
area, and nearly the entirety of the DBNF. This physiographic region primarily exhibits
deeply trenched V-shaped drainages with narrow ridgetops with few locales of even
terrain (Mickelson 2002:25-26). Bedrock in the Cumberland physiographic region is
primarily of Pennsylvanian aged sandstones (310-270mya) and conglomerates, both of
which are resistant to erosion, though variability in the bedrock along with underlying
rock not resistant to weathering has led to significant downcutting across the region
resulting in the landforms described previously (Carmody 2014:25; Mickelson 2002:25-
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26). The Pottsville escarpment separates the Cumberland physiographic region from the
other three along the Western edge of the Cumberland physiographic region in a
generally Southwest to Northeast direction. The Pottsville Escarpment possesses a
sandstone cap from varying formations in differing regions and underlying shales a
pervasive (Mickelson 2002:16). In the Northwestern portion of the study are lies the
Knobbs physiographic region. The Knobbs are covered in Borden formation sandstones
and limestones (360-325mya) with Devonian shales (416-359mya) underneath (Muller
and McComb 1986:268-270; Risk 1991:182). The Knobbs physiographic region is
maturely dissected with a large expanse of flat land interspersed with many knob shaped
landforms resulting from the erosion resistant bedrock caps slowly weathering and
exposing the shales lying below (McComb 1986:269-270; Quinones et al 1981:8). In the
Southwest portion of the study area, on the Western edge of the Pottsville escarpment lies
the Pennyroyal physiographic region. The Pennyroyal region is a soluble limestone plain
of Mississippian age (360-325mya) on which significant surface and subterranean
chemical and physical weathering have occurred (KGY). Significant amounts of caves,
subterranean streams, sinkholes, and river-less valleys are found in this region while and
the elevation is far less variable than in the other physiographic regions. Common to all
of the physiographic regions described is differential weathering. The variance in erosion
of the landscape has led to the formation of many unique features such as chimneys,
waterfalls, arches, and importantly for human habitation, many caves and rock shelters
(KGY Survey, 25:34-38; Snider and Studlar 1989:18).
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Figure 2. The Management Areas of Kentucky overlain by the DBNF and study area.
Image sourced from Pollack 2008.
4h
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Eastern Kentucky Coalfield
The Knobbs

Pennyroyal

Figure 3. The physiographic regions of Kentucky overlain by the DBNF and study area.
Image sourced from KGY.org.

Hydrography
Water features are very common with three dominant meandering rivers
intersecting the study area, the Licking, Kentucky, and Cumberland, which have a large
volume of tributaries, some of which are large, such as the Red River, and others
intermittent (Pollack 2008:16-18). Large lakes are also present in the study area though
most, including all of the largest, are man-made and were not present during the time
frame of this thesis (Gaydos et al. 1982; Leist et al. 1982; Quinones et al. 1981). The
northern and eastern portions of the study area intersected by the Licking, Kentucky, and
Red Rivers which drain nearly the entirety of their respective portion of the study area
(Quinones et al. 1981:12). In the central and southeastern portions of the study area, the
Cumberland River is present and drains the entire locality of the study area via its many
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tributaries (Leist et al. 1982:12). Similarly, the Southwestern portion of the study area
also is drained entirely by the Cumberland River (Gaydos et al. 1982:16). The general
flow of the major rivers within the study area is from East to West with most tributaries
embedded into the steep sloping hillsides adjacent the river valleys. Generally, any
stream that does not drain an area in excess of 100 sq mi is likely to be intermittent based
on weather conditions, though this is less common in the Southwestern edge of the study
area (Gaydos at al. 1982; Leist et al. 1982; Quinones at al. 1981). In the early-Holocene
(11,650 B.P.), the streams within the study area were braided-stream systems,
subsequently changing to meandering systems during the mid-Holocene (7,500 B.P.),
remaining so through today (Mickelson 2002:27-28).
Flora
The flora of the study area consists of mixed mesophytic forests which are
considered to be both the oldest and most complex deciduous type forests. mixed
mesophytic forests are associated with unglaciated regions of Appalachia south of
Pennsylvania and likely entered the study area region from the south after glacial retreat
during the end of the Pleistocene replacing the pine forests that most likely occupied the
region prior to glacial retreat (Martin 1992:128; Mickelson 2002:28). The criteria for
being a mixed mesophytic forests consists of 3 qualities as defined by Braun: the lack of
dominance by any particular tree species, Yellow Buckeye (Aesculus flava) and White
Bass-Wood (Tilia americana) species are present, and rich flora in all strata with a
canopy height in excess of 30 m (Martin 1992: 129).
While trying to understand and capture the variations within mixed mesophytic
forests in each locality are impractical for a study area as large as is being used in this
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thesis, a general understanding of the compositions and potential for variation are useful
as resources related to human activity and occupation may be affected by these
variations. Numerous hardwood species and abundant ferns and shrubs comprise mixed
mesophytic forests, although subtle variations in composition are found due to variations
in topographic, geologic, and climatic influences (Braun 1942). Elevation plays the
largest role in the shifts of composition in mixed mesophytic forests by way of the soils
present and their ability to drain precipitation, although not all species are limited such as
Chestnut (Castanea dentata), which can be found throughout the elevation strata (Braun
1942:435; Martin 1975:171-172). Varying compositions of mixed mesophytic forests
pervade all elevations although the best conforming are found on the plateau top and
slopes adjoining them though the valleys floors can exhibit additional biodiversity from
swampy or wetland areas (Braun 1942:437-440). Slope facing also plays a role in local
forest composition with Oak (Fagaceae), Eastern hemlock (Tsuga canadensis), American
beech (Fagus grandifolia), Chestnut Oak (Quercus montana), Yellow Poplar
(Liriodendron tulipifera), and Red Maple (Acer rubrum) taking a dominant position on
slopes oriented to the Southwest and Eastern hemlock (Tsuga canadensis), American
beech (Fagus grandifolia), sugar maple (Acer saccharum), and yellow-poplar
(Liriodendron tulipifera) on slopes oriented to the Northeast according to a site study
performed in the Southern region of the study area (Mickelson 2002:29; Thompson et al.
2000:4). The variation within species and environmental factors influencing the
composition of mixed mesophytic forests likely played a role in how and where humans
occupied the landscape due to the forests production of food resources commonly
accessed by humans during the Late Archaic and Woodland periods such as mast
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resources like hickory, chestnut, acorn, and walnut in addition to fruits and seeds
(Delcourt et al. 1998; Mickelson 2002:29-30; Pollack 2008:209-210). Although the
relationship between the landscape and the forest compositions cannot be modelled for
the entirety of the study area, these relationships can help when exploring the
considerations made pertaining to settlement by the people of the Late Archaic and
Woodland periods.
Fauna
In the study area there is a wide range of fauna. Much like the flora, it would be
impractical to model the specific ranges and variances of distribution for the study area
due to its size, though an understanding of those common within the study area and their
importance as resources to the people of the Late Archaic and Woodland periods may be
achieved. According to an environmental impact inquiry performed in the Red River
Lake locality in the central portion of the study area, there are 59 fish, 30 reptiles, 36
mammals, 105 birds, and 36 amphibian species, all of which are not found solely in that
location (Barbour 1974). Of these, white-tailed deer are considered to have been the most
important to the people of the Late Archaic and Woodland periods, although other small
mammals, birds and fish are represented in the diets as well. (Applegate 2008:342-349;
Jefferies 2008: 209-210).

Cultural History
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Human habitation in Eastern Kentucky is evidenced as far back as 9,500 BC and
has been present through each of the recognized Precontact North American time periods
(Pollack 2008:4). The time periods are generally recognized to be as follows: Paleoindian
period 9,500 BC – 8,000 BC, Archaic period 8,000 BC – 1,000 BC, Woodland period
1,000 BC – 1,000 AD, Mississippian and Fort Ancient periods 1,000 AD – 1,750 AD,
and the Historic period 1,750 – present day (Pollack 2008:4-7). Each of these periods are
differentiated from the others by characteristics such as technology, subsistence practices,
settlement patterns, and so on. The context of this thesis within the stated periods is
within the Late Archaic and Woodland periods and a general description of each the
periods, and sub-periods follows below.
Late Archaic 3,000 BC – 1,000 BC
In eastern Kentucky, the Late Archaic period can be largely defined by significant
shifts in subsistence practices, adoption/intensification of horticulture, and a shift towards
more sedentary lifestyles. Accompanying and possibly influencing these changes are a
general increase in populations across eastern North America, a general rise in
precipitation, and the formation of the modern climate, sea levels, and vegetation
compositions still seen today (Anderson 2001:161). The people of the Late Archaic, like
their predecessors, were locally specialized hunter gatherers, their diet breadths
containing a wide variety of plant, terrestrial, and marine resources. Plants and mast
resources such as grapes, black berries, raspberries, acorns, hickory nuts, and terrestrial
animals such as white tail deer, turkey, and raccoon, in addition to marine animals such
as fish, turtles, and various mollusks are all represented in varying abundances at sites
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like Peter Cave, Carlston Annis, Cold Oak and Cliff Palace Pond among others (Delcourt
et al. 1998; Gremillion 1993; Jefferies 2008:234-243).
In some localities of Kentucky around 2,000 BC, experimentations with
horticulture began to take place, primarily focused around the small starchy and oily
seeds of native weedy plant species such as sumpweed (Iva annua), sunflower
(Helianthus annuus), chenopod (Chenopodium berlandieri), among others (Smith 1989:
1556-1559). Commonly found throughout the varying topographic regions of the study
area, these weedy plant species are known to have undergone the domestication process
through evidence from morphological changes to the testa in species such as chenodpod
(Chenopodium berlandieri), squash (Curcubita pepo), and others however, not all species
known to have been exploited show morphological changes during this period (Smith and
Cowan 1987:355; Smith and Yarnell 2009:6561-6562). Tree nuts, primarily hickory nuts
(Carya), have been noted in the diet of the Late Archaic hunter gatherers and found in
large quantities in middens (Moore and Dekle 2010:597-599). At Cliff Palace Pond in
Eastern Kentucky, an upland site location, evidence of a closer involvement with the
native nut bearing trees has been evidenced through the possible use of fire for clearing
the landscape to make way for fire enduring species, particularly Oak (Quercus) and
Chestnut (Castanea) (Delcourt et al. 1998:275-276).
Prior to the Late Archaic, settlement locations in Kentucky were generally evenly
spread across the landscape. During the Late Archaic however, settlement locations
shifted towards the bottomland river valleys described as wetlands abundant in plant and
animal resources. The trend towards settlements in the resource rich river valleys is seen
through many sites with very deep shell middens, also indicative of consistent or seasonal
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occupation of some larger sites during the Late Archaic (Jefferies et al. 2005:3-4;
Jefferies 2008:). Despite the trend towards settling the rich river valleys and the
possibility of some sites being permanent, not all sites are in the bottomlands, and most
sites during the Late Archaic were not large and were seasonal occupations (Jefferies
2008:216-220). Where on the landscape and why the incorporation of horticulture
occurred during the Late Archaic period remains unclear in the archaeological record,
however. The primary hypotheses seeking to explain the adoption/intensification of
horticulture will be discussed in a following section.
Settlement practices during the Late Archaic are observed to have shifted from a
widespread utilization of both the upland and lowland regions towards a focus on the
areas rich in resources near large rivers and wetland areas found in the bottomlands
(Jefferies et al. 2005:3-4). This trend towards bottomland resource rich areas can be seen
through many deep middens associated with sites which were more frequently occupied,
if not for longer periods of time, due to more reliable resources being present (Jeffries et
al. 2005:3-4). This is not the case for all Late Archaic sites however, as the majority of
sites are found to be smaller, possibly indicative of shorter and or seasonal occupations
(Jefferies 2008: 216). Increasing utilization of rock shelter sites is observed towards the
end of the Late Archaic period with many domesticated crop species being identified in
paleofeces recovered from various sites (Claassen 2011:629; Watson and Yarnell
1966:845). Rock shelters are commonly found in between the uplands and bottomlands
which stands in contrast spatially with the previously noted landscape settlement patterns,
but arable land can be found in the uplands and may have been easier to clear for
horticultural purposes due to less dense vegetation (Gremillion et al. 2008:403-405;
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Jefferies et al. 2005:3-4). The occupational habits and use of the abundant rock shelters is
not entirely clear, however evidence from paleofeces found in cave and rock shelter
settings dating to the Late Archaic-Woodland transition indicates the Fall and Winter
seasons being most likely due to the food resources found in the feces and their seasonal
availability, much of which was cultivated species (Watson and Yarnell 1966:845-846).
The trend towards sedentarism and localization known to have occurred in the
Late Archaic is evident in some of the previously mentioned observations. The
morphological changes in some plant species indicates consistent human plant interaction
in the same location over a long period of time as plants are not mobile and evolutionary
pressures must be consistent (Smith 1987:355; Smith and Yarnell 2009:6561-6562).
Similarly, an investment, no matter how small, into horticulture falls under a delayed
return economy as the benefits of plants are not immediate, requiring a somewhat regular
habitation of a location (Crothers and Bernbeck 2004). The presence of deep middens
found in the river valleys and interior regions consisting of either discarded shells and
nuts provides evidence of increasing sedentarism as well due to the extended period of
time needed to form these middens through consistent or seasonal occupations of the sites
(Jefferies et al 2005:3-4; Moore and Dekle 2010:597-599). Localization of material
culture is also observed during the Late Archaic, interpreted as a sign of reduced
mobility, perhaps brought on by territorial boundaries from population growth (Jefferies
2008:191).
Early Woodland 1,000 BC – 200 BC
In many ways the Early Woodland period is remarkably similar to the Late
Archaic in Eastern Kentucky excepting a few major innovations, the incorporation of
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ceramic vessels, storage of food, and intensification of horticulture. The subsistence
practices of the Early Woodland people remained similar to those of the Late Archaic
with hunting and gathering remaining the primary source of sustenance with horticultural
resources contributing a small but present portion of the diet. Despite this, intensification
of the utilization of weedy plant seeds and other native crops was occurring and began
taking on a larger representation in the diet relative to tree nuts (Applegate 2008:342344). The intensification of this trend could possibly be related to the introduction of
pottery into the region around this time.
Pottery is known to have become prevalent in Eastern Kentucky during the Early
Woodland period, possibly as early as 1432 BC – 950 BC, although there are some Late
Archaic sites in Kentucky found to also have pottery fragments, it is uncommon. The
spread of ceramics across the landscape was not timed evenly and in some upland areas it
was not common until long after, possibly due to the impracticality of using heavy
ceramics on rough terrain (Anderson 2001:164; Applegate 2008:342-343). The
incorporation of ceramic vessels and the intensification of small seed horticulture are
unlikely to be unrelated as pottery confers the ability to store foods over long periods of
time which can serve as a bulwark against the seasonal shifts in food availability. Rock
shelters also experienced an increase in their utilization during the Early Woodland with
many exhibiting features related to food storage and processing such as pits and bedrock
mortars (Claassen 2011:630; Gremillion 1993; Ison 2004:177-179). The importance of
rock shelters in food storage in Eastern Kentucky not only exhibited by the presence of
food in storage pits but also due to the composition of paleofeces found which contained
many small seeds from weedy plants among other Winter food resources, illustrating that
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these horticultural foods were useful in times of scarcity (Gremillion 2004:227-229).
Settlement patterns during the Early Woodland period show a general reoccupation of the
upland regions in Eastern Kentucky while continuing to occupy the river valleys and rock
shelters located in between.
Middle Woodland 200 BC – 500 AD
The boundary between the Early and Middle Woodland period is somewhat
arbitrary as some clear continuity exists between them and the dates can vary depending
on the location within Kentucky. There is a general dearth of knowledge and distinction
within the study area for the Middle Woodland period although to help ameliorate this the
Hopewell culture, located in the Ohio River valley to the north of the study area can be
conflated with the Middle Woodland period (Greber 2005:19-20). Although not much
subsistence related evidence has been identified to the Middle Woodland period within
the study area, the subsistence practices of the Hopewell in the Ohio River valley are
considered to be a continuation of the Early Woodland period with wild resources
composing the majority of the diet during this time period (Applegate 2008: 345; Greber
2005:23-24; Mickelson 2002:42-43). The extent of which horticulturally sources foods
comprised the diet remains largely unknown although it likely varied based on the
conditions within each locality (Greber 2005: 23-24).
Settlement practices during the Middle Woodland period show a degree of
nucleation, typically surrounding mortuary or other ritualistic sites. The sites of the
Middle Woodland generally appear in the bottomland regions, although in some locations
there are concentrations of upland sites. Though rock shelter sites are still represented in
the Middle Woodland period, there are significantly fewer in comparison to the Early
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Woodland period (Greber 2005:24; Mickelson 2002:43). The general lack of sites and
nucleation during the Middle Woodland period may indicate a period of general
population decline or pervasive conflict although this is unknown.
Late Woodland 500 AD – 1,000 AD
Much like the Early and Middle Woodland periods, the boundary between the
Middle and Late Woodland periods is not clear-cut, consisting of shifts in plant
subsistence and hunting technology over time (Applegate 2008: 347). Of the three
subperiods, the Late Woodland is the least understood apart from a few trends and
technological advances (Smith 2011:227). The subsistence practices of this subperiod are
considered to continue the general trend of increasing importance of horticultural
resources with wild resources composing the majority of the diet. A major development
occurred during the end portion of the Late Woodland period as maize (Zea) was
introduced to Kentucky around 800 AD, although its incorporation into the diet was not
uniform and is more associated with Western regions of Kentucky and not the study area.
Another subsistence change seen during the Late Woodland period is the utilization of
the bow and arrow for hunting with arrow heads being diagnostic of the Late Woodland
period (Applegate 2008:348).
A general population is recognized during the Late Woodland period and
settlement patterns during vary depending on the region, although the bottomlands and
uplands are both represented with neither seemingly preferred overall. Similar to the
Middle Woodland period, settlements tend to be nucleated during the Late Woodland
period until the latter portion (800-1,000) where settlements become dispersed again.
Rock shelter usage is also recognized to have experienced growth but not to levels seen
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during previous periods (Applegate 2008:347-348; Mickelson 2002: 44). The transition
of the Late Woodland period to the Mississippian period was likely not sudden, although
the widespread usage of maize and shell tempered ceramics are generally accepted as
markers of the end (Applegate 2005:349).
GIS and Previous Inquiries
Archaeology by nature is a field which incorporates a heavy focus on spatial
observations, and much of the significance in studies is derived from a site or an artifacts
location relevant to something else which can reveal information on the relationships
between them (Ebert 2004:319). Statistics can often be used to determine whether or not
these relationships are of significance. From these observations, inferences and
hypotheses may be drawn to create a possible explanation of what had occurred in the
past. Due to this inherent importance of spatial observations and relationships in
archaeology, Geographic Information Systems (GIS) are a natural fit in the
archaeologist’s tool set (Ebert 2004:319). GIS in the basest form is a series of computer
applications which present spatial data and allow for the creation, synthesis, and analysis
of spatial information (Freeman et al. 1994; Freeman et al. 1993:57). For the past few
decades, GIS has become increasingly incorporated into archaeological work, and the
applications of GIS in archaeology are numerous expanding far beyond the most practical
application of map creation (Ebert 2004:319-321).
One common application of GIS in archaeology is the creation of a predictive
model which can be used to make inferences about an unexplored region using observed
data (Kvamme 1989:171; McCoy and Ladefoged 2009:270-271). Predictive models
utilize known information about something such as site locations and then quantify
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variables related to the sites that can be used to predict the locations of undiscovered sites
and, through further inference, likely had an impact on where and why indigenous
populations situated sites in certain locations (Kvamme 1989:171). In the context of
modeling settlement patterns, variables such as but not limited to proximity to water, soil
drainage, elevation, and slope are commonly found to be useful predictors (Gillam
2016:49-53; Miller 2016, 2018; O’Donoughue 2008:60-65; Peterson 2008:253-255).
Through combining and evaluating the variables, predictive models illustrate zones of
likelihood which show where sites are more likely to be present and can then be tested
against known locations (McCoy and Ladefoged 2009:271).
Modelling Methods
As of the writing of this thesis, no predictive modelling has been performed for
the study area in this analysis. Predictive modelling with GIS is not a uniform process,
many different methods have been applied in previous works with each method varying
in its strengths and output. The use of predictive modeling in archaeology through GIS
has seen use since the late 1970’s with and has the capability to be confirmed and refined
with both current and subsequent findings (Brooks and Scurry 1978). Some site
modelling methods take the form of robust analyses of environmental factors in relation
to archaeological site locations without the creation of a predictive surface (Mickelson
2002; Stump et al. 2005; Wakeman 2005). These analyses utilize GIS to create a database
of environmental variables and archaeological site locations for the purpose of running
statistical analyses on the relationships between sites and the environment. Shifting trends
in settlement patterns through time may also be identified through statistical analysis,
identifying what environmental factors are considered to be of the most importance for
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any given cultural period (Wakeman et al. 2005:28-29). The results of inquiries like this
can be very useful in narrowing down a landscape for potential sites, however the data is
not synthesized into easily interpreted prediction surface.
Prediction surface models build from the understanding of environmental variable
relationships to sites to synthesize the information into a singular output surface. The
analysis performed by Brooks and Scurry (1978) is an example of early utilization of GIS
in predictive modeling through which environmental aspects such as slope/elevation, soil
drainage, ecotones, etc. were used to form a model that identified likely locations of
Woodland period sites in the coastal plain region of South Carolina. The model they
created was later tested by Scurry by comparing the resulting high probability zones with
known site locations which were found to significantly fall within the zones identified
(Scurry 2015). One potential issue with models like this is that the portions of
environmental variable expressions classified as ‘low’ or ‘high’ are attained from the
creator and not the model (Scurry 2015:83). These classifications may be informed by
statistical representations compiled from data within the archaeological record, yet they
cannot be entirely removed from subjective interpretations of the record, possibly leading
to a biased interpretation of the data.
Algorithmic learning techniques such as random forest and maximum entropy,
represent an alternate mode of archaeological predictive modelling (Breiman 2001;
Phillips 2006; Wachtel et al. 2018). Predictive modelling that uses algorithmic learning
techniques involves much of the same process as described in Scurry 2015, where a
series of sites are screened for values from environmental variables such as slope,
elevation, distance to/from, etc. with trends and outliers being identified across the sites.
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Since algorithms perform this screening and identification of the relationships between
observations and the environment, potential user bias can be removed from the
modelling, although sampling bias may remain an issue (Merow et al. 2013: 1058-1059).
An additional advantage of algorithmic learning techniques is that they can identify the
relationships between observations and multiple variables simultaneously and rank the
variables by their importance (Phillips and Dudik 2004). These methods culminate in the
formation of a predictive surface for the study area with the landscape’s probabilities
calculated from the relationships identified by the algorithms used. The algorithmic
learning techniques of random forest and maximum entropy do differ in various ways
with each having its own strengths, a further explanation of their functionality and
application is provided in the methods section.
In this thesis, a combination of the previously described methods are applied. The
algorithmic learning techniques of random forest and maximum entropy are used to
create a predictive surface for the Late Archaic and Woodland periods within the study
area. Information provided by these methods and environmental variables in relation to
settlements are used to identify variables of importance across the cultural periods and to
inform the discussion on the debate surrounding the adoption and intensification of
horticulture.
Modelling Expectations
Based on the hypotheses of Smith and Gremillion on whether the adoption of
horticulture occurred in the bottomlands or uplands, predictions of the outcome of
settlement patterns and site relationships to some of the environmental variables in the
results of this analysis can be made.
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If Smith is correct in that horticulture was adopted in the resource rich
bottomlands, the model should reflect this with sites for both the Late Archaic and
Woodland periods being primarily located in the bottomland regions of the study area
with increased utilization of the upland rock shelters during the Woodland period due to
storage capabilities (Smith 1989; Smith 2015). If Gremillion is correct that horticulture
originated in the uplands because the bottomlands were unsuitable for habitation, the
model should reflect this with sites for the Late Archaic and Early Woodland periods
being found in the upland regions with increasing utilization of rock shelter sites.
Considering the distance to perennial water variable, most perennial rivers are
found in the bottomland regions while some exist as tributaries to these rivers in the
uplands. According to Smith’s model, the distance to perennial water results should be
very short for both periods as the ideal environment for horticulture is in the bottomlands,
already adjacent to the perennial water sources. According to Gremillion’s model, the
distance to perennial water sources should not be very short distances for both periods as
the uplands do not contain many perennial water sources. Soil orders and drainage
classifications in the study area are variable, though within both one classification
dominates the study area. These variables play a significant role in what plants may be
able to grow in each location, depending on the classification of the two variables.
According to Smith’s model, sites for both periods should be concentrated on locations in
the bottomlands with soil order and drainage classifications suitable for cultivation (e.g.,
Alfisols). According to Gremillion’s model, sites for both periods should be found in the
upland regions with soil order and drainage classifications suitable for cultivation (Well
drained; Alfisols or Mollisols). Finally, among mobile hunter-gatherers, site size can be
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used as an important measure of occupation intensity (Andrews et al. 2008). If Late
Archaic and Woodland populations are increasingly focusing on horticulture, the largest,
most intensely occupied sites should reflect these efforts and be concentrated either in the
uplands or uplands. Predictions for the other environmental variables cannot be made
based on the hypotheses presented, however the hypotheses can be interpreted within the
context of the results across the Late Archaic and Woodland periods
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METHODS
This section outlines the data used in this analysis, how it was sourced or created,
and the two methods used to analyze it. As stated previously, there are three goals of this
thesis. First, is to create a predictive model surface for both the Late Archaic and
Woodland cultural periods that may be used by the Forest Service employees at the
Daniel Boone National Forest. Second, is to evaluate the environmental variables and
identify which are most important for the Late Archaic and Woodland periods.. Third, is
to explore any variation of settlement practices between the Late Archaic and Woodland
cultural periods within the context of the debate about the shift towards horticulture and
where and why this shift occurred.
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Figure 4. Flowchart depicting the steps of the methods section
Site Database
The site database used in this analysis was acquired through a request to the
Kentucky Office of State Archaeology (OSA) located at the University of Kentucky,
Department of Anthropology (OSAUKY.edu). The database provided by the OSA
consists of a GIS shapefile containing 1,222 Late Archaic and Woodland cultural period
site locations within the study area comprised of the Daniel Boone National Forest and a
16.1 kilometer buffer zone around it (discussed below). Although the site locations
provided are point features, the OSA provided site centroids in an effort to not disclose
the exact location of each site due to the risk of vandalism or looting of sites. The most
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important information for this thesis contained within each sites ancillary data is the
occupational periods and the site type.
To prepare the site database for comparative analysis between the Late Archaic
and Woodland cultural periods, the data had to be broken down first by the cultural
periods represented and then by the site type. Occupations period data within the site
database is broken down chronologically by the pre to post-contact cultural periods and
shows what sites were occupied and when. For this analysis, any subdivisions of the Late
Archaic and Woodland cultural periods, such as Terminal Archaic or Middle Woodland,
are consolidated into the Late Archaic and Woodland only. Site type data within the site
database contains either the purpose or location type of each site, including cave, rock
shelter, quarry, open habitation with mounds, undetermined, etc. For this analysis, site
type is organized three separate ways: all site types, cave/rock shelters, and open air sites.
The purpose of breaking the data up by site type is to recognize and mitigate the potential
skewing effect that caves and rock shelters may have on the model as they are far more
likely to occur on specific landforms within the study area. This separation of the site
dataset by both cultural period and site type was accomplished by querying the dataset in
GIS software to create six new site dataset shapefiles, one for each site type grouping for
both cultural periods.
Due to limitations of coverage of some of the environmental variables, the study
area is missing an area of 126 Sq km (Figure 6) and thus 29 sites were excluded from the
analysis, bringing the total number of sites to 1,193. Of the 1,193 sites, 356 have a Late
Archaic component and 1017 have a Woodland component. When excluding caves and
rock shelter sites, there are 190 Late Archaic sites and 331 Woodland sites. When
29

including only cave and rock shelter sites there 166 Late Archaic sites and 686 Woodland
sites (Table 1).

Figure 5. Map of Kentucky illustrating the missing data zone within the study area.
Table 1. Sites by cultural period and site type

All Sites
Open Air
Cave/Rock Shelter

Late Archaic Woodland
356
1017
190
331
166
686

Environmental Variables
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Total
1373
521
852

In order to explore any differences between the Late Archaic and Woodland
periods and create a predictive model, a series of variables is required. The variables must
encompass the entire study area and contain values from which spatial information may
be derived. Fortunately, a vast amount of GIS-friendly information datasets exists in
online repositories and can be sourced easily from federal, state, and local institutions.
All of the data acquired for the formation of the variables utilized in this analysis were
sourced from governmental or public institutions. The datasets used to form variables in
this analysis will be detailed in sourcing and justification for inclusion in addition to any
geoprocessing actions performed prior to inclusion in the analysis. All variables in raster
format have a spatial resolution of approximately 9.34m. This relatively small spatial
resolution was incorporated to promote accuracy due to the highly variable terrain found
throughout the study area.
Table 2. Environmental variable list by type and spatial resolution

Environmental Variables
Distance to Perennial
Distance to Chert
Slope Degree
Elevation
Soil Order
Soil Drainage
Northness Southness
Eastness Westness
Upland/Lowland

Type

Raster Resolution

Continuous
Continuous
Continuous
Continuous
Categorical
Categorical
Continuous
Continuous
Categorical

9.34m
9.34m
9.34m
9.34m
9.34m
9.34m
9.34m
9.34m
9.34m

The Daniel Boone National Forest boundary shapefile was provided by request
from Wayna Adams and Matthew Davidson. The national forest boundary shapefile
shows the external and internal administrative boundaries and does not delineate between
public and privately held lands within the national forest. This shapefile is used to both
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illustrate the boundaries of the national forest and to create the study area which extends
beyond the boundaries. To create the study area, the ArcGIS buffer tool was run to create
a 16.1 km (10 mile) zone around the boundary of the national forest. The extension of the
study area beyond the national forest boundary is done partly due to the irregular shape of
the national park and serves to mitigate any skewing of distance derived spatial
information that may be located just beyond the borders of the national forest. The
extension of the study area was also suggested by Adams and Davidson (Forest Service)
in an effort to capture more of the lowland regions that lie to the North and East of the
DBNF. The resulting study area extends the national forest borders in all directions with
the exception of the southern border of the national forest which lies on the Kentucky and
Tennessee border. All other variables included in the analysis cover the entirety of this
study area, with the exception of the missing data zone along the Southern edge of the
national forest.
The variables used in the analysis are distance to perennial water, distance to
chert, slope, elevation, northness southness, eastness westness, soil order, soil drainage,
and upland lowland. These variables are chosen as they have been established as
commonly useful inclusions in settlement modelling (distance to perennial, distance to
chert, and slope) or are directly relevant to the debate surrounding the adoption and
intensification of horticulture (elevation, Northness Southness, Eastness Westness, soil
order, soil drainage, and upland lowland) (Brandt et al. 1992; Canning 2005; Church
1996; Gremillion 1998, Goings 2003:53; Miller 2018; O’Donoughue 2008; Smith 2015).
The soil drainage variable was derived from county level data acquired from the
United States Department of Agriculture (USDA) Web Soil Survey website (USDA.gov).
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According to the USDA, "Drainage class (natural) refers to the frequency and duration of
wet periods in conditions similar to those under which the soil formed” (USDA.gov). The
USDA classifies soil drainage into seven classes: excessively drained, somewhat
excessively drained, well drained, moderately well drained, somewhat poorly drained,
poorly drained, and very poorly drained (USDA.gov). For this analysis, the seven
classifications provided by the USDA were used as they are currently defined (See Table
3).
A total of 35 counties are encompassed, either in whole or part, by the study area
and their corresponding soil shapefiles were acquired for this analysis (See Table 4 for a
list of counties). Each county shapefile comes with a Microsoft Access database that can
be used to join the database in GIS software to display various attributes of the soil
feature classes. Unfortunately, soil drainage is not able to be displayed through joining
the database and the soil drainage classes had to be extracted from the Access database.
Each soil feature in the shapefiles comes with a MUSYM field in the attribute table. This
corresponds to the Map Unit Symbol code, a series of letters and numbers, found in the
Access database that identifies each soil type. An Excel spreadsheet was created with all
824 Map Unit Symbol codes found within the study area. Each Map Unit Symbol code
was assigned its corresponding drainage class number, starting with 7 for excessively
drained counting down to 1 for very poorly drained. This was accomplished by querying
the Access database for each county by selecting all Map Unit Symbol codes and
selecting “Map Unit Description (Brief, Tabular)” under the Report Name dropdown box
and identifying each Map Unit Symbol code. The soil drainage classification sometimes
varied between identical Map Unit Symbols in separate counties. Though rare, when this
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occurred, the more moderate option was selected (closer to 4, or moderately well drained)
in an effort to be as conservative as possible with the data. Some Map Unit Symbol codes
are representative of man-made features such as mines or dumps and were also assigned a
conservative class of 4. The drainage classifications were then transferred back to each
county shapefile by creating a new field in the attribute table and using the SELECT BY
ATTRIBUTE function in ArcGIS to select all feature classes by the Map Unit Symbol
and assign the corresponding drainage class values into the new field. Due to the large
quantity of feature classes in each county shapefile (sometimes in excess of 30,000 in a
county), the feature classes for each country were combined by the 7 soil drainage classes
to create multipart features using the MERGE function in and editing session. The
counties were then combined into one shapefile using the MERGE tool and shaped to the
study area by using the CLIP tool. Finally, data was converted into raster format with
each cell containing a value of 1 through 7 representative of drainage class.
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Figure 6. Soil drainage environmental variable within the study area.
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Table 3. Soil Drainage Classes and Study Area Composition
USDA Class
Very poorly drained
Poorly drained
Somewhat poorly drained
Moderately well drained
Well drained
Somewhat excessively drained
Excessively drained

Numerical equivalent
1
2
3
4
5
6
7

Percentage of study area
0
0.7
2
9.2
86.4
1.8
0

Table 4. Counties List
Counties in Study Area in Part or Whole
Bath
Bell
Breathitt
Carter
Clark
Clay
Clinton
Elliot
Estill
Fleming
Garrard
Harlan Jackson Knott
Knox
Laurel
Lee
Leslie
Letcher Lewis Lincoln
Madison McCreary Menifee Montgomery Morgan Owsley Perry
Powell
Pulaski Rockcastle
Rowan
Wayne Whitley Wolf

The soil order variable data was acquired from USDA county shapefiles and
corresponding Access databases (USDA.gov). Soils are categorized into 12 soil orders,
each of which is comprised of a group of suborders that share a series of common
characteristics (Soil Survey Staff, 2015). The common characteristic that is important for
this analysis is the relative fertility of the soil as it relates to the growth of crops. Of the
12 soil orders identified by the USDA, only 5 are present in the study area. These are:
Alfisols, Entisols, Inceptisols, Mollisols, and Ultisols. Of the five soil order, Alfisols and
Mollisols are naturally high in fertility, Entisols and Inceptisols are capable of supporting
vegetation, although their fertility is variable, and Ultisols have low fertility (Rapp and
Hill 2006; Soil Survey Staff 2015; 1999). The process of formatting the soil order
classifications into a usable format is identical to the soil drainage classifications with the
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exception that the soil subclassification is found in the “Taxonomic Classification of the
Soils” Report Name section of the dropdown box. These subclassifications had to be
compared to the USDA guide to identify the order they fall under (See Table 5) (Soil
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Survey Staff, 2015; USDA.gov).

Figure 7. Soil order environmental variable within the study area.
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Table 5. USDA Soil Order Classes and Study Area Composition
USDA Order
Alfisols
Entisols
Inceptisols
Mollisols
Ultisols
Water

Percentage of study area
12.6
4.1
19.5
0.4
62.2
1.2

Several digital elevation models (DEM) at 1/3 arc second or approximately 10 m
squared spatial resolution were acquired from the United States Geological Survey
(USGS) and combined into a single DEM that covers the study area by using the
RASTER TO MOSAIC tool (nationalmap.gov). The DEM serves as its own variable,
representative of the elevation of any pixel, and was also used to create three other
variables.
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Figure 8. Elevation environmental variable within the study area.
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A slope raster was derived from the DEM which holds the angle of any rise or fall
of the landscape in each cell. This was created by using the SLOPE tool which calculates
these angles from the values held in the DEM. Slope is an especially important variable
to include for this analysis as the study area consists of highly variable terrain from the
many river valleys that have eroded the Cumberland Plateau. For the purpose of analysis,
the slope values were not quantified into ranges of slope but left as the original stretch
value.
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Figure 9. Slope environmental variable within the study area.
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The variables of Northness and Eastness are both measurements of directionality
of the slopes on the landscape. Northness is a measure of how directly North and South a
specific cell is facing. Likewise, Eastness is a measure of how East or West a cell is
facing. The measurements of both variables range from 1 to -1 with 1 being absolute
North or East and -1 being absolute South or West. Inclusion of these variables can
identify what areas of the landscape are more likely to receive sunlight for a longer
period of the day. Barring other factors that may obscure direct sunlight from an area, a
South and North facing slopes receive the most direct sunlight during the growing season
(Holland and Steyn 1975). This is an important factor to be considered when growing
crops and settlements who focused to some degree on crops may have considered this
when picking a location. To get the Northness and Eastness variables, the ASPECT tool
was run on the DEM which outputs a raster with each cell classified as N, E, S, W, NE,
NW, SE, or SW along with the actual angle in degrees. The compass degree values were
then converted into radians by using the RASTER CALCULATOR tool and multiplying
the raster values by 0.017453292519943 (pi/180). RASTER CALCULATOR is run again
using only ‘Abs’ to get the absolute value of each cell in order to mitigate ArcGIS
assigning every cell that is flat with the value of -1. The SIN (sine) and COS (cosine)
tools are run separately to give the Northness and Eastness rasters.
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Figure 10. Northness/Southness and Eastness/westness environmental variable within the
study area.
The variable distance to water variable was created from National Hydrography
Dataset (NHD) data provided by the USGS National Map Viewer V2 (nationalmap.gov).
The purpose of including distance to rivers in this analysis was to serve as an identifier of
all regions with constant, year round access to freshwater in addition to providing
statistical information on the settlement patterns in relation to these water sources, being
a necessity (Canning 2005:10; Brandt et al. 1992:269). The NHD provides a shapefile for
all water sources though for this analysis only perennial rivers were required. To isolate
only perennial rivers, the attribute table of the NHD file was queried to select only
features with an FC code of 46006, the code for perennial rivers (USGS.gov). A newer
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version of the NHD data called the National Hydrography Dataset Plus High Resolution
(NHDPlus HR) exists, though it does not cover the entirety of the study area. A small
region of the NHD data was overlain on a region of the study area where the NHDPlus
HR does cover to check for a lack of continuity in feature classifications with no
discrepancies being noted. To convert the perennial river shapefile into a usable format,
the EUCLIDEANDISTANCE tool was run, which converts the perennial river features
into a raster and then calculates the distance from each cell to the nearest perennial river
in a straight line, thus identifying the regions with high and low access to freshwater.
Smith does not offer any defined distances when discussing the spatial relationship sites
and rivers, rather describing the rivers as being lower order and in the bottomlands
(Smith 2011, 2015). To establish what constitutes a short distance to a river, the breadth
of the lowland portions of random valleys in the study were measured, finding the
average of those observed to be approximately .6 km. This measurement will be used to
identify whether or not a cultural periods average distance is short or long.
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Figure 11. Distance to perennial environmental variable within the study area.
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The distance to chert variable was created from USGS bedrock maps and
approximately 150 USGS quadrangle maps encompassing the entirety of the study area
(USGS.gov). Much like the distance to water variable, distance to chert was included to
identify the regions with potential chert bearing rock formations along with statistical
information on the settlement patterns in relation to these locations, being a necessary
resource for hunter-gatherers who relied on stone for many tools (Church 1996; Goings
2003:53; Miller 2016). The bedrock shapefiles attribute table contains necessary
information such as each features formation classification along with any major or minor
rock components within each formation. Identifying specific outcrops of chert bearing
formations over such a large study area is impractical, especially when considering any
potential erosion that has occurred since the time period being discussed. In an effort to
not exclude any potential areas of chert outcrops, the USGS quadrangle maps were sorted
through to identify the rock formations that consistently harbored chert. The identified
formations were then made into a usable format by running the EUCLIDEAN
DISTANCE tool as described previously, providing a distance to chert variable.
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Figure 12. Distance to chert environmental variable within the study area.
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The upland/lowland variable was created by running the FOREST-BASED
CLASSIFICATION AND REGRESSION (random forest modelling) tool in ArcGIS Pro.
How this tool functions will be discussed in depth in a subsequent section. The
importance of this variable comes from its centrality to the debate about where the
adoption of and subsequent intensification of horticulture occurred and will allow for any
changes in settlement patterns in relation to this variable to be observed (Gremillion
1998; Smith 2015). Generally, the lowlands can be defined as the steep river valley
bottoms where erosion from the many rivers has formed flood plains and terraces
throughout the study area. The uplands can be defined as the higher elevation regions of
the study area where minimal erosion of the Cumberland plateau has occurred, defined by
steeply sloped terrain and the flat hilltops. Distinguishing between the uplands and the
lowlands in the study area is not clear cut. This is in large part due to the highly variable
terrain throughout the study area, complicated further by a steady rise in elevation
moving from West to East across the study area. For these reasons, a simple elevation
cutoff could not be applied as a division between the uplands and the lowlands,
necessitating the use of random forest modelling. To create the uplands/lowlands
variable, a series of approximately 1,000 point features were created in the lowland
regions along river valleys and the softly sloped terrain adjacent to them were created
using the DEM as guidance. An additional approximately 1,000 upland point features
were created on top of the plateau and along the steep cliffs adjoining the lowland river
valleys. The FOREST-BASED CLASSIFICATION AND REGRESSION tool was then
trained and run with the lowland points being selected as the variable to predict. The
training process was run through several iterations with various inclusions of other
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variables as explanatory training raster with those offering little predictive significance
being removed until only DEM, distance to water, slope, and soil drainage remained.
After removing the negligibly informative variables, the tool was run with the predict to
raster parameter, creating a raster output that satisfactorily matched the DEM (Figure 13).
To validate the upland lowland environmental variable classification a comparison
between the data associated with the site database was compared. Each site has a
landform associated with it as identified by the archaeologists who submitted the site
form. The landforms of floodplain and terrace were selected for the lowlands and the
landforms undissected uplands and dissected uplands were selected for the uplands.
These classifications do not account for the entire site database but rather the sites that
are certain to fall within either the uplands or lowlands with 763 of the sites being
included (Table 7). The sites landform classifications were then compared to the upland
lowland environmental variable which resulted in 81.3% being classified correctly.
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Figure 13. Upland lowland environmental variable within the study area.
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Table 6. Upland and Lowland Study Area Composition
Zone

Percentage of study area

Upland

74.5

Lowland

25.5

Table 7. Upland lowland environmental variable accuracy
Upland Lowland Variable Accuracy
Total Sites Correct Incorrect Accuracy
763
621
142
81.3

Random Forest
Theory and functionality
In the simplest terms, random forests are an ensemble learning method for
classification and regression and have gained significant recognition since introduction
by Breiman in 2001 (Breiman, 2001: 5-6). This is largely due to its applicability in many
fields, ranging from ecology to medicine (Ellis et al. 2014; Rahmati et al. 2015). It is an
improvement on a previous succession of forest modelling methods in that it introduces
additional randomness into the process of building decision trees. This randomness
comes from a random selection of training data with replacement being provided in each
node of the decision tree. This means that the same training data samples can be selected
repeatedly, even appearing simultaneously in the same node. By incorporating a large
volume of decision trees and randomizing the data they have access to, random forests
are able to ameliorate the issues of over-fitting and variation.
The trees in a random forest are built by feeding training data to each tree and
each time a tree makes a decision a new node is formed and populated by another set of
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random training data until the user specified minimum leaf size is reached. The method
of including random training data selections is referred to as bootstrapping and including
this random training data at each node reduces the correlation in the data and increases
the accuracy as a result (Breiman 2001: 5, 10; Breiman 1996: 129-138). Once the forest
of trees is created, each tree casts its vote for what class it thinks the unknown input
should be, with the majority vote determining the classification. In order to prevent the
need for a set aside test set to confirm accuracy, out of bag estimates (OOB) are
automatically included. OOB estimates are checks on how accurately the forest classified
the training data. OOB consists of approximately one third of the bootstrap training sets
being withheld from use during the training of the trees. The trained trees are then
allowed to classify the retained OOB data which reveals the relative accuracy of the
model, calculated as misclassifications (Breiman 2001: 11). Additional self-reported
accuracy metrics are included as well with the Matthews correlation coefficient or MCC
score which ranges from -1 to 1 being a measure of accuracy where 1 is perfect
classification accuracy and -1 is complete disagreement. Accuracy is also included and in
binary classifications it is representative of how often correct classifications are made
within the model. Identifying which variables in the training dataset offer the most
predictive power is also automatically calculated. This information is represented by the
GINI coefficient, calculated from how many times a specific variable was responsible for
a split in a tree (ESRI.com tool function help article).
Random forests are also able to be fine-tuned with the user being able to define
specific parameters to adjust the functionality of the model to suit their needs. Though
random forest is lauded for its good results at default parameters, various changes may
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need to be made throughout the training due to data constraints and limitations or in an
effort to create a more accurate model (Scornet 2018: 144-145). These changes may take
the form of adjusting the number of trees, setting the minimum leaf number, defining
maximum tree depth, number of variables for splitting at each node, etc., although a great
amount of caution and understanding should be applied when doing so as these changes
can dramatically affect the efficacy of the model.
Application
Random forest classification and regression analysis has many adaptations and is
commonly provided in statistical packages along with other analytical software programs.
For this analysis, the ArcGIS Pro software adaptation was used to perform the analysis
with the tool called FOREST-BASED CLASSIFICATION AND REGRESSION. This
tool functions in the same way as described previously by accepting and outputting all
data in GIS format. This tool was run 6 times, one time for each of the groupings of the
site dataset described previously. Exploration by changing parameters during training
was performed to identify the best functioning model that could be consistently applied
for each site grouping iteration. Information to inform these adjustments was provided
from the internal assessments performed during each training session. The parameters
settled upon, and the steps taken to apply them to all iterations will now be discussed.
The tool was initially set to train only in order to get the parameters adjusted for
optimal performance and resulted in the following: number of trees = 125, minimum leaf
size = 2, training data available = 100%, percent of training data left out for validation =
15%, maximum tree depth = default, treat variable as categorical = checked, and number
of randomly samples variables = 3. The variable to predict parameter is filled with the
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field called ‘presence’ in the attribute table of each site grouping. This field consists of
either a 1 or a 2 with 1 representing presence and 2 representing absence. This is
necessary for classification as the predict to raster function requires both present and
absent observations. Presence was determined by assigning a value of 1 to all sites at
which the specified cultural period and or site type were present and a 2 to the sites where
the specifications were not present. Any site with both cultural periods present was
assigned a presence value of 1. The explanatory variables for training included all of the
variables previously described input as explanatory training raster. Upon completion of
training, the predict to raster option was selected and run for each of the 6 site groupings
with the output being a raster surface with each cell being classified as either a 1 or 2,
with 1 being a cell exhibiting similar environmental values, and 2 representing a cell that
is not similar.
Maximum Entropy
Theory and functionality
Usage of maximum entropy modelling goes back to 1996 in the in the field of
computer language processing (Berger et al. 1996). Since, maximum entropy modelling
has gained much traction in ecological studies where a specific program Maxent, was
introduced in 2006 by Phillips. Maxent is an algorithm specifically designed for the
purpose of modelling ecological data and species distributions where only presence data
exists (Phillips et al. 2006: 231-233). A model can be formed by the inclusion of
environmental variables which describe some factors that are likely to influence the
habitability of an environment (Phillips et al. 2006: 231-233; Phillips and Dudik 2004:
655-656). Maxent seeks to use this combination of presence observations in relation to
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the environmental variables to formulate a niche-based model which “represents an
approximation of a species’ ecological niche in the examined environmental dimensions”
(Phillips et al. 2006: 232). Due to its outperformance in accuracy when compared to
similar models and ease of use, maxent has become one of the most popular modelling
tools for species distribution modelling (Merow et al. 2013: 1058). While modelling
floral and faunal habitat ranges and niches is certainly not a simple task, introducing
humans is certain to complicate the task further. Even though humans can survive in a
wide range of habitats and exhibit very complex behaviors and thought processes not
commonly found in other species such as social living and religious associations, there
are some very fundamental factors that still apply. Human necessities like food, water,
shelter, etc. are all related in some way to the environment and can be restrictive factors
in range of occupation on a landscape. For these reasons, maxent modelling is potentially
a good fit for trying to understand the relationship between the environmental variation
and human settlement patterns on a given landscape.
Maxent begins with the inclusion of presence only (PO) points, or specific
locations where the presence of something is confirmed, along with a set of
environmental variables, such as elevation, slope, distance to water, etc. The user defined
landscape is divided into a grid of cells from which a sample of random points, default is
10,000, are extracted where presence is unknown, later to be used for comparison with
PO observations (Elith et al. 2011: 46-48; Merow et al. 2013). The extractions contain
information from the environmental variables that are transformed into one of six feature
classes: linear, product, quadratic, hinge, threshold, and categorical, in order to produce
non-linear data that may be used in regression (Elith et al. 2011: 46). This information is
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then calculated for the background observations and also for the PO points. Constraints to
the PO data environmental variables are applied, meaning that the acceptable range
observed for an environmental variable is close to the mean of that variable of all PO
points. These averages are then applied to the feature class transformations created from
the environmental variables as constraints. To avoid over-fitting the data, maxent sets an
error bound which is a maximum allowed deviation from the sample feature means,
allowing for the model to generalize and not be strict. L1 Regularization is then applied
to the feature classes to promote accuracy and generalization (Elith et al. 2011: 47-50;
Philips and Dudik 2004: 57-60). Evaluation of the model occurs internally with many
charts being included in the output. Of the most important are the variable importance
charts, which measure what variables had the most impact and the area under receiveroperator curve (AUC). AUC is a threshold independent measure of predictive accuracy
representative of the likelihood that a randomly chosen PO point ranks higher than a
randomly chosen background point (Elith et al. 2011: 54; Merow et al. 2013: 1066-1067;
Phillips and Dudik 2004).
When the total population size within a study area is unknown, only relative
comparisons about the distribution across the cells may be generated. The output of these
comparisons is known as relative occurrence rate (ROR) and describe the probability that
an observation derived from each cell on the map (Merow et al. 2013: 1059). RORs are
calculated from a combination of the environmental variables and are normalized to
ensure that occurrence rates are relative (Merow et al. 2013: 1059-1060). To create a map
with each cell containing a probability of presence value, maxent transforms the ROR
values in a process known as logistic output. Either ROR or logistic output may be
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selected as the output of the model. If probability of presence is sought and logistic
output is required as it is in this analysis, some assumptions must be made. The logistic
output result makes the assumption that the PO is not a biased sample (Merow et al.
2013: 1058-1059). For the data in this study, I am unable to say that whether or not it is
biased, I suspect that it may be to some degree, due to the relationship of archaeological
site discovery and urban development. There are no major cities within the study area,
although many small towns are found throughout which may or may not have an impact
on the bias of the PO sample. Despite this, it is still useful to interpret the output as an
indication of habitat suitability (Merow et al. 2013: 1059). Further, because DBNF is
required to find and protect cultural resources throughout the entire management area,
DBNF has been extensively surveyed, reducing the potential impacts of biases tied to
specific development projects. Like random forest, maxent has a wide range of
parameters that can be changed that may result in significant alterations of the output and
great caution should be expressed when doing so.
Application
Currently, a version of maxent is hosted online at the American Museum of
Natural History’s website under license of MIT where it is continually updated and freely
available for download (AMNH.org). The version used in this analysis is Version 3.4.4,
the most recently updated as of the writing of this paper. Maxent was run a total of 6
times, once for each of the site dataset groupings with the parameters set the same for
each iteration.
The datasets used as environmental variables are the same as described above
(Table 2). Maxent requires that each environmental variable must have the same
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projection, cell size, and extent (AMNH.org). To abide by these requirements where
necessary, each variable raster shapefile was masked, specified the same cell size, and
assigned the proper projection during the assembly of the environmental variables. The
PO points for each of the 6 iterations must be formatted in latitude/longitude or XY
format in a comma separated value (.csv) file. To get the PO points in the proper format
the ADD XY tool was used which adds an X and Y field in the attribute table. Each site
grouping was then exported from ArcMap using the TABLE TO EXCEL tool that creates
a Microsoft Excel file containing the attribute table, the excel file was then saved as a
.csv file. Next, each environmental raster was converted to an ASCII file using the tool
RASTER TO ASCII. The PO samples .csv file and environmental rasters were loaded
into maxent with the categorical and continuous variables being identified as such. Some
parameters were changed but were consistent for each test. Response curves and
Jackknife variable importance measure boxes were selected. Auto features box was
selected which includes five of the feature classes, excepting thresholding. Maximum
iterations was set to 5,000 to allow for convergence, mitigating over-fitting. Replicates
was set to 10 with type set to sub-sample. Random test percentage was set to 15% of data
with random seed box checked. Finally, output format was set to logistic and output file
was set to ASCII. The resulting output of each test consisted of a prediction surface with
each cell holding values ranging from 0-1 with 1 being most likely for settlement
occurrence and many charts related to AUC model performance and jackknife variable
importance. The ASCII files with the prediction surfaces were then converted into tiff
files (.tif) so that they may be rendered in GIS software.

59

Horticulture Origins: Late Archaic and Woodland Comparison Structure
The landscape implications for the hypothesis proposed by Smith (1989, 2015)
and Gremillion (1998, Gremillion et al. 2008) are statistically tested. Various tests may
be employed to help identify relationships and disparities between counts, measures,
ratios, etc. (Scurry 2015; Smallwood 2012; Thomas 1978). To glean as much information
as possible from the database provided for this thesis, statistical tests were run on all
variables for each of the site groupings between the Late Archaic and Woodland periods,
except those that contributed little to no information as identified by the maxent
modelling (Figures 22, 25, 28, 31, 34, 37). In an effort to gain more insight, site
groupings were further broken down into the Late Archaic, Early Woodland, and Late
Woodland periods, and again by open air sites and rock shelters. An additional variable,
site area (AreaM), was added to these tests to try to identify if sites were larger between
the cultural periods and to test whether the largest sites are distributed differently across
the landscape. The largest sites were identified by dividing each sample into quartiles and
selecting the sites that fall above the 75% percentile (Smallwood et al. 2018). Sites
recorded as having 0 site size in the Kentucky database were not included.
To identify significant differences between continuous variable measures
(distance to perennial/chert, site area, etc.), tests of normality and variance were run,
followed by a t-test or Mann-Whitney U test (non-parametric equivalent) based on
whether the data was normally distributed and had an equal variance (Corder and
Foreman 2014:3). The appropriate test was then applied to each of the cultural period site
groupings described above. For categorical variables (soil drainage/order and upland
lowland), A chi-square test can be applied to find any associations between cultural
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periods and categorical variables (Van Pool and Leonard 2011:238-239). Chi-Square was
applied to all categorical variables between the cultural period site groupings described
above
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RESULTS
Due to the small spatial resolution(9.34m) of the data and large study area in this
analysis, some of the variation in the output for both modelling methods is difficult to
interpret from the figures in this section as the data becomes pixelated when the entire
study area is shown. To ameliorate this issue, each figure is a .tif file exported from
ArcMap with a DPI (dots per inch) of 1500. This allows for the figures to be saved from
this document and zoomed in on for additional clarity if desired.
Random Forest Output
The output of the random forest classification modelling is a raster grid of cells
noted as either positive (green) or negative (pink). Positive should be interpreted as a cell
containing similar environmental variable conditions to the sites it was trained on and
therefore is likely to have similar site characteristics, whereas negative should be
interpreted as a cell containing the converse environmental variable conditions and is
unlikely to contain a site.
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Model Performance
1. Late Archaic, all sites
Visually, the model for all Late Archaic sites in Figure 14 shows a trend in the
occurrence of cells classified as positive both in and along the valleys associated with the
lowlands. Curiously, the actual bottoms of most of the valleys are classified as negative.
Across most of, the area in between the river valleys is generally classified as negative,
with the exception of the South-central portion of the study area. This discontinuity of
classification of the upland regions between valleys is interesting as the majority of the
study area falls on the Cumberland Plateau and contains relatively low slope values in the
upland regions not adjacent to a valley. Overall, very few regions of the study area
exhibit large swathes of contiguous positive or negative cells.
The three self-reported performance measures of this model indicate that it does
not function well (Table 8). The OOB errors show that the model incorrectly classified 4
percent of the present locations and 11 percent of the absent locations. The MCC
(measured from -1 to 1 with 0 being random chance) and accuracy values (accuracy
being measures from 0 to 1 with .5 being random chance) (Tables 8 and 14) are reported
as being 0.03 and 0.54 respectively. Both of these values show that the model is
performing at a level only slightly higher than random chance (Chicco et al. 2021).
Despite this, the model identified the variables: chert distance, elevation, perennial
distance, slope, Northness Southness, and Eastness Westness as being the most
important, each sharing between 15-16 percent of the outcome explanation with soil
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order, soil drainage, and upland lowland variables all shared between .88 and 3 percent of
the outcome explanation.
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Figure 14. Random Forest model output for all Late Archaic sites.
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Table 8. Model Characteristics, OOB, Validation, and Variable Importance for Figure 14.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

Late Archaic All Sites
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
11.382 9.096 Present
0.38
0.03
0.46
0.54 Chert Distance
11.96
16
32-162
Absent
0.63
0.03
0.57
0.54 Elevation
11.63
16
96 Present
5.14
3.685
Perennial Distance
11.3
15
100 Absent
14.038 11.398
Eastness Westness
11.13
15
3
Slope
11.06
15
15
Northness Southness
10.9
15
Soil Order
2.32
3
Soil Drainage
1.97
3
Lowland Upland
0.88
1

2. Late Archaic, no rock shelters
Visually, the Late Archaic sites without rock shelters (Figure 15), shows a
generally even spread of cells classified as positive across the varying landscape
environments. Generally, the model has classified the river valley bottomlands, the
immediately adjacent upland regions, and much of the uplands in the central and
Southern portions of the map as positive. The majority of the cells classified as negative
lie in the steep slopes adjoining the river valleys and the upland regions primarily in the
Northeast and Eastern edges of the study area. In total, the model classified 16.61 percent
of the study area as positive and 83.39 as negative.
The three self-reported performance measures of this model indicate that it does
not function well (Table 9). The OOB errors show that the model incorrectly classified 3
percent of the present locations and 8 percent of the absent locations. The MCC and
accuracy scores are -0.08 and 0.46 which indicate disagreement between the predictions
and observations and a classification accuracy slightly lower than random chance (Tables
9 and 14). The variables identified as important in this model were chert distance,
elevation, perennial distance, Eastness Westness, slope, and Northness Southness, each
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sharing between 13-17 percent of the outcome explanation. The variables soil order, soil
drainage, and lowland upland all shared between 2-6 percent of the outcome explanation.
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Figure 15. Random Forest model output for Late Archaic, not including rock shelter sites.
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Table 9. Model Characteristics, OOB, Validation, and Variable Importance for Figure 15.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

Late Archaic No Rock Shelters
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
6.982
5.787 Present
0.42
-0.08
0.45
0.46 Chert Distance
5.24
15
20-85
Absent
0.5
-0.08
0.47
0.46 Elevation
4.82
14
39 Present
5.275
3.329
Perennial Distance
4.97
14
100 Absent
8.261
7.628
Eastness Westness
4.62
13
3
Slope
5.67
17
15
Northness Southness
5.08
15
Soil Order
1.95
6
Soil Drainage
1.19
3
Lowland Upland
0.83
2

3. Late Archaic, rock shelters only
Visually, the Late Archaic, rock shelters only model (Figure 16), shows the cells
classified as positive almost exclusively being found in the upland regions both adjacent
to and in between the river valleys. Large portions of the study areas cells are classified
as negative along the Eastern edge while being generally restricted to the river valleys in
the remained of the study area, though not as much in the West-Southwest portion in and
around the Redbird district. In total, the model classified 48.54 percent of the study area
as positive and 51.46 as negative.
The three self-reported performance measures of this model indicate that it does
not function well (Table 10). The OOB errors show that the model incorrectly classified 6
percent of the present locations and 14 percent of the absent locations. The MCC and
accuracy scores are 0.03 and 0.63 (Tables 10 and 14). These scores show that the model
only performed classification correctly at a slightly higher than random chance. The
variables identified as important for this model were chert distance, elevation, perennial
distance, Eastness Westness, slope, and Northness Southness, all contributing between
13-17 percent of the outcome explanation. The variables soil order, soil drainage, and
lowland upland all contributed between 2-6 percent of the outcome explanation.

69

Figure 16. Random Forest model output for Late Archaic, rock shelter sites only.
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Table 10. Model Characteristics, OOB, Validation, and Variable Importance for Figure
16.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

Late Archaic Rock Shelters
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
14.423 12.57 Present
0.28
0.03
0.32
0.63 Chert Distance
6.02
16
26-97
Absent
0.75
0.03
0.72
0.63 Elevation
5.74
16
62 Present
8.578
6.44
Perennial Distance
5.74
16
100 Absent
16.088 14.316
Eastness Westness
5.93
16
3
Slope
5.55
15
15
Northness Southness
5.36
15
Soil Order
0.9
2
Soil Drainage
0.91
2
Lowland Upland
0.58
2

4. Woodland, all sites
Visually, the Woodland, all sites model (Figure 17) shows cells classified as
positive in continuity throughout the map. Most of the river valleys and the upland
regions in between contain large amounts of cells classified as positive. The only
concentrations of cells classified as negative are primarily found in the bottomlands of
some of the larger river valleys in the Northern and central regions along with one
portion of the Eastern edge of the study area. In total, the model classified 15.42 percent
of the study area as positive and 84.58 as negative.
The three self-reported performance measures of this model indicate that it does
not function well (Table 11). The OOB errors show that the model incorrectly classified
16 percent of the present locations and 5 percent of the absent locations. The MCC score
is 0.1 which is not a good score and indicates that the model is still functioning only
slightly above random chance. The accuracy score, however, is 0.72, which is in the
acceptable range (Tables 11 and 14). In this iteration, the model identified the variables
chert distance, elevation, perennial distance, Eastness Westness, slope, and Northness
Southness as being important, each of which contributed between 14-16 percent of the
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outcome explanation. The variables soil order, soil drainage, and lowland upland each
contributed between 2-5 percent of the outcome explanation.
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Figure 17. Random Forest model output for Woodland, all sites.
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Table 11. Model Characteristics, OOB, Validation, and Variable Importance for Figure
17.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

Woodland All Sites
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
15.454 14.372 Present
0.82
0.1
0.78
0.72 Chert Distance
5.72
16
17-92
Absent
0.26
0.1
0.33
0.72 Elevation
5.32
14
57 Present
17.032 15.997
Perennial Distance
5.33
14
100 Absent
6.317
4.655
Eastness Westness
5.97
16
3
Slope
5.47
15
15
Northness Southness
5.51
15
Soil Order
1.67
5
Soil Drainage
1.21
3
Lowland Upland
0.6
2

5. Woodland, no rock shelters
Visually, the Woodland, no rock shelters model shows cells classified as positive
to be found primarily in lowland river valleys and in the upland regions immediately
adjacent, in addition to the Western edge of the study area which is generally exhibits
lower terrain variation. The cells classified as negative are mostly found in the upland
areas in between the river valleys, especially in the Southern portion of the study area in
and around the Stearns and Redbird districts. In total, the model classified 78.62 percent
of the study area as positive and 21.38 as negative.
The three self-reported performance measures of this model indicate that it does
not function well (Table 12). The OOB errors show that the model incorrectly classified
13 percent of the present locations and 2 percent of the absent locations. The MCC and
accuracy scores are 0.01 and 0.52 (Tables 12 and 14). This again means that the model is
only correctly predicting at a rate very slightly above random chance. For the Woodland
sites not including rock shelters, the model identified the variables chert distance,
elevation, perennial distance, Eastness westness, slope, and Northness Southness as being
important with each variable sharing between 14-16 percent of the output explanation.
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The variables soil order, soil drainage, and lowland upland contributed far less to the
output explanation bearing percentages between 3-6.
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Figure 18. Random Forest model output for Woodland, not including rock shelter sites.
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Table 12. Model Characteristics, OOB, Validation, and Variable Importance for Figure
18.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

6.

Woodland No Rock Shelters
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
11.609 9.911 Present
0.63
0.01
0.54
0.52 Chert Distance
3.23
16
15-55
Absent
0.33
0.01
0.47
0.52 Elevation
2.84
14
32 Present
14.257 12.532
Perennial Distance
2.83
14
100 Absent
3.776
2.156
Eastness Westness
2.96
14
3
Slope
3.09
15
15
Northness Southness
2.89
14
Soil Order
1.21
6
Soil Drainage
1.06
5
Lowland Upland
0.55
3

Woodland, rock shelters only
Visually, the Woodland, rock shelters only sites model (Figure 19) has classified

the vast majority of the lowland areas and their immediately adjacent upland regions as
positive. The few continuous bodies of cells classified as negative are primarily
concentrated in the South central portion of the study area in addition to some of the
upland regions along the Western edge of the study area. In total, the model classified
53.01 percent of the study area as positive and 46.99 as negative.
The three self-reported performance measures of this model indicate that it does
not function well (Table 13). The OOB errors show that the model incorrectly classified
20 percent of the present locations and 3 percent of the absent locations. The MCC and
accuracy scores are -0.01 and score of 0.65. Interestingly, the MCC score and accuracy
scores are in disagreement where the MCC score implies that the model classifies
successfully at a rate barely worse than random chance whereas the accuracy result
implies that the model performs a bit better than random chance (Tables 13 and 14).
Despite this discontinuity in the self-reporting measures, neither value gives a good score
for the model and it is shown to not be a good model. The Woodland, rock shelters only
model identified the variables chert distance, elevation, perennial distance, Eastness
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Westness, slope, and Northness Southness as being important with each providing
between 13-17 percent of the output explanation. The variables soil order, soil drainage,
and lowland upland all contributed little to the output explanation, contributing between
3-4 percent of the output explanation.
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Figure 19. Random Forest model output for Woodland, rock shelter sites only.
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Table 13. Model Characteristics, OOB, Validation, and Variable Importance for Figure
19.
Model Characteristics
Number of Trees
Leaf Size
Tree Depth Range
Mean Tree Depth
% of Training Available per Tree
Number of Randomly Sampled Variables
% of Training Excluded for Validation

Woodland Rock Shelters
Model Out of Bag Errors
Validation Data: Classification Diagnostics
Variable Importance
125 Number of Trees
62
125 Category F1 Score MCC
Sensitivity Accuracy Variable
Importance Percentage
2
MSE
22.315 18.892 Present
0.78
-0.01
0.69
0.65 Chert Distance
2.18
17
16-42
Absent
0.13
-0.01
0.3
0.65 Elevation
2.04
16
27 Present
24.027 20.365
Perennial Distance
1.81
14
100 Absent
3.474
2.687
Eastness Westness
2.2
17
3
Slope
1.75
13
15
Northness Southness
1.7
13
Soil Order
0.52
4
Soil Drainage
0.45
3
Lowland Upland
0.37
3

Table 14. Accuracy and MCC score ranges and their corresponding classification.
Score Range
.9-1
.8-.9
.7-.8
.6-.7
.5-.6
<.5

Accuracy Classification Score Range MCC Classification
Excellent
.8-1
Excellent
Good
.6-.8
Good
Acceptable
.4-.6
Acceptable
Poor
.2-.4
Poor
Very Poor
0-.2
Very Poor
Random or Worse
<0
Random or Worse
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Maximum Entropy Output
Model Performance
1. Late Archaic, all sites
Visually, the areas of highest probability are predominantly found in the lowland
river valleys throughout the study area. Some of the relatively flat upland regions exhibit
moderately high values with the steep terrain separating them from the valleys below
falling in the middle range of values. The areas showing the lowest probability are the
very high elevations found in the Southeastern portion of the study area, including the
Southeastern portion of the Redbird district. The model has also identified a large zone of
very low probability in the space between the Redbird, Stearns, and London districts
(Figure 20). In total, the model classified 13.67 percent of the study area as positive and
86.33 as negative.
The variable jackknife output in Figure 22 identified the slope, elevation, and
distance to chert variables as being the top three most informative for this model, with the
variables Northness Southness, soil drainage, and lowland upland contributing the least.
The slope variable response curve shows that predictive probability of a cell is lowest
between 10 and 35 percent slope values while values of 0 and between 35 and 60 increase
the predictive probability in of cell. The elevation response curve show that elevation
values between 30.5 and 152.5 meters are the highest with a sharp decline in predictive
probability as the elevation increases beyond 152.5 meters. The distance to chert response
curve show that predictive probability is highest between 0 to 6.1 kilometers with a slow
decline between 6.1 and 12.2 kilometers, followed by a sharp decline with increasing
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distance (Figure 21). The AUC value of the test data is 0.73 which falls into the category
of a good model for prediction (Table 15) (Duan et al. 2014).
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Figure 20. Maxent logistic output for Late Archaic, all sites where green is high
probability and red is low probability of site locations.

Figure 21. Maxent variable response curve charts for Figure 20 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 22. Maxent test data AUC and variable jackknife AUC for Figure 20 where bars
and lines represent the categories and values with the highest predictive power.
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2. Late Archaic, no rock shelters
Visually, the areas of the study area containing the highest probability are the
lowland river valleys and the Western edge areas which are characterized by relatively
smooth terrain and lower elevations. The lower predictive probability valued areas are the
upland regions adjacent to and in between the river valleys with a large, very low valued
area, concentrated in between, and slightly within, the Redbird, London, and Stearns
districts (Figure 23).
The variable jackknife output in Figure 25 identified the variables slope, distance
to perennial, and upland lowland as the top three most important variables, with the
variables Northness Southness, soil order, and soil drainage contributing the least. The
slope variable response curve identified the cells with a slope percent range of 0 to 10 as
containing the most predictive probability. The distance to perennial response curve
shows that high predictive probability is found in cells <1 kilometer away from a
perennial water body. A sharp decrease follows the roughly 1 kilometer distance where
the response rises again for distances around 6.1 kilometers with a subsequent drop off as
the distance increases further. The lowland upland variable is categorical and does not
receive a response curve but is displayed through a bar chart which shows a large
disparity in response between the lowlands and uplands in favor of the lowlands,
indicating cells classified as lowland as holding much more predictive probability (Figure
24). The AUC value of the test data is 0.87 which fall into the category of a very good
model for prediction (Table 15) (Duan et al. 2014).
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Figure 23. Maxent logistic output for Late Archaic, no rock shelter sites where green is
high probability and red is low probability of site locations.

Figure 24. Maxent variable response curve charts for Figure 23 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 25. Maxent test data AUC and variable jackknife AUC for Figure 23 where dark
blue bars represent variable importance and red AUC line represents model accuracy.
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3. Late Archaic, rock shelters only
Visually, the areas with high probability are large constrained to the upland
regions in between the river valleys, sometimes immediately adjacent (Figure 26). The
regions of the study area exhibiting low probability are the river valleys and the Western
edge of the study area which is relative soft in terms of elevation variation. Large areas of
moderately valued probability are found along the river valleys on the steep slopes
surrounding them seemingly as a buffer zone between the areas of high and low
probability.
The variable jackknife output in Figure 28 identified slope, elevation, and soil
order as the most informative variables, while Eastness Westness, Northness Southness,
and distance to perennial were identified as the least informative variables. The response
curve for slope shows a trend with more predictive probability being achieved as the
slope value increases. The elevation response curve shows that the most predictive
probability is found within the elevation range of 91.5 to 152.5 meters with a sharp
decrease on either end of this range. The response bar chart for soil order shows a high
predictive probability coming from all classifications excepting Alfisols and Entisols
(Figure 27). The AUC of the test data in Figure 28 is 0.70 which falls in category of a
good model for prediction (Table 15) (Duan et al. 2014).
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Figure 26. Maxent logistic output for Late Archaic, rock shelter only sites where green is
high probability and red is low probability of site locations.

Figure 27. Maxent variable response curve charts for Figure 26 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 28. Maxent test data AUC and variable jackknife AUC for Figure 26 where dark
blue bars represent variable importance and red AUC line represents model accuracy.
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4. Woodland, all sites
Visually, there are few obvious areas of very high probability, but relatively good
probability zones are found in both the upland regions in between river valleys and the
lowland regions in the river valleys throughout the study area (Figure 29). Regions with
relatively low probability are found primarily in upland areas along the Western edge of
the study area and the Cumberland and London districts. Two areas with very low
probability are seen, one in between the London, Stearns, and Redbird districts and the
other being the high elevation areas found in the Southeastern portion of the study area
and within the Redbird district.
The variable jackknife output in Figure 31 identifies slope, chert, and elevation
and the most important variables and upland lowland, Eastness Westness, and Northness
Southness as the least important. The slope response curve shows that slopes of 0 and
between 35 and 70 offer the most predictive probability. The distance to chert response
curve shows that distances between 0 to 12.2 kilometers offer a relatively high predictive
probability with a sharp drop off as the distance increases. The elevation response curve
shows that elevations between 61 to 132 meters provide high predictive probability with
a drop off in the response as elevation increases. The AUC of the test data (Figure 31) is
0.69 which falls in the category of a fair model for prediction (Table 15) (Duan et al.
2014).
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Figure 29. Maxent logistic output for Woodland, all sites where green is high probability
and red is low probability of site locations.

Figure 30. Maxent variable response curve charts for Figure 29 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 31. Maxent test data AUC and variable jackknife AUC for Figure 29 where dark
blue bars represent variable importance and red AUC line represents model accuracy.
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5. Woodland, no rock shelters
Visually, the areas of high probability are the lowland river valleys and the
Western edge of the study area where terrain is relatively soft (Figure 32). Areas of
moderate probability are found throughout the study area adjacent to the areas of high
probability, primarily on the slopes next to the river valleys in the central and Northcentral portions of the study area. Zones of low probability are found throughout the
upland regions of the study area with very low probability zones being found in the
Southeastern portion of the map where high elevations occur and in between the London,
Stearns, and Redbird districts.
The jackknife variable output in Figure 34 shows that slope, distance to perennial,
and distance to chert were the three most important variables, while Eastness Westness,
Northness Southness, and soil drainage were the least important. The slope variable
response shows that slope values of 0 and 50 to 70 percent offer the most predictive
probability with the range in between 0 and 50 offering little. The distance to perennial
response curve shows that distance values <1 kilometer offer a large amount of predictive
probability with a sharp decrease immediate after roughly 1 kilometer, though the
predictive probability rises considerably as the distance increases beyond 1 kilometer.
The distance to chert response curve shows that a distance value <2 kilometers has a high
predictive probability with a steady decrease in probability as the distance increases
beyond 2 kilometers (Figure 33). The AUC of the test data is 0.82 (Figure 34) which falls
in the category of a very good model for prediction (Table 15) (Duan et al. 2014).
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Figure 32. Maxent logistic output for Woodland, no rock shelter sites where green is high
probability and red is low probability of site locations.

Figure 33. Maxent variable response curve charts for Figure 32 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 34. Maxent test data AUC and variable jackknife AUC for Figure 32 where dark
blue bars represent variable importance and red AUC line represents model accuracy.
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6. Woodland, rock shelters only
Visually, the areas of relatively high to high probability are located in the upland
regions in between the river valleys, especially so within the boundaries of the
Cumberland, London, and Redbird districts (Figure 35). Extensive areas of moderate
probability are seen throughout the study area on the sloping terrain immediately adjacent
to the river valleys. Regions containing low probabilities are the river valleys and the
generally lower elevation and softer terrain areas along the Western edge of the study
area. Very low probability values are seen in the Southeastern portion of the study area in
places with very high elevation, along with the area in between the Stearns, London, and
Redbird districts.
The jackknife variable output in Figure 37 shows that the slope, elevation, and
distance to chert were the three most important, while Northness Southness, upland
lowland, and soil drainage were the least important. The slope response curve shows that
as slope percentage increases, so does the predictive probability, with 0 percent slope
having almost no predictive probability. The elevation response curve shows that
elevations within the range of 91.5 and 152.5 have a high predictive probability with the
probability decreasing as the elevation rises or falls below that range. The distance to
chert response curve shows that from 0 to 12.2 kilometers, the predictive probability
remains relatively high with a decrease in the predictive probability as the distance
increases beyond 12.2 (Figure 36). The AUC of the test data is 0.77 which falls into the
category of a good model for prediction (Table 15) (Duan et al. 2014).
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Figure 35. Maxent logistic output for Woodland, rock shelter only sites where green is
high probability and red is low probability of site locations.

Figure 36. Maxent variable response curve charts for Figure 35 where bars and lines
represent the categories and values with the highest predictive power.
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Figure 37. Maxent test data AUC and variable jackknife AUC for Figure 35 where dark
blue bars represent variable importance and red AUC line represents model accuracy.

Table 15. Score ranges for AUC with corresponding classification (Duan et al. 2014)

Score Range AUC Classification
.9-1
Excellent
.8-.9
Very Good
.7-.8
Good
.6-.7
Fair
.5-.6
Poor
<.5
Random or Worse
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Reclassification
Each of the maxent models’ logistic output has been reclassified into one of four
categories: 0 - .3 is very unlikely, .3 - .5 is unlikely, .5 - .7 is likely, and .7 – 1 is very
likely. The reclassifications are shown in Figures 38 – 43. The percentage of the study
area for each classification can be seen for each model in Table 16 below.
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Figure 38. Maxent reclassified output for Late Archaic, all sites where 0-.3 is very
unlikely, .3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Figure 39. Maxent reclassified output for Late Archaic, no rock shelters where 0-.3 is
very unlikely, .3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Figure 40. Maxent reclassified output for Late Archaic, rock shelters only where 0-.3 is
very unlikely, .3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Figure 41. Maxent reclassified output for Woodland, all sites where 0-.3 is very unlikely,
.3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Figure 42. Maxent reclassified output for Woodland, no rock shelter sites where 0-.3 is
very unlikely, .3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Figure 43. Maxent reclassified output for Woodland, rock shelters only where 0-.3 is very
unlikely, .3-.5 in unlikely, .5-.7 is likely, and .7-1 is very likely.
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Table 16. Maxent model reclassification by logistic output (probability value) for each
cultural period. Probability value column identifies the percent likelihood of a cell
containing a site. Cultural period columns show the percentage composition of each
probability value category within the study area for each cultural period.
Probability Groupings Percentage of Study Area
Probability Value Late Archaic All Sites Late Archaic No Rock Shelters Late Archaic Rock Shelters Only Woodland All Sites
0 - .3
38.6
75.5
68
26
.3 - .5
45.7
12.1
24
55.6
.5 - .7
13
9.6
6.8
17.1
.7 - 1
2.7
2.8
1.2
1.2
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Woodland No Rock Shelters Woodland Rock Shelters Only
75.3
59.9
12.3
26.5
9.6
12.5
2.8
1.2

HORTICULTURE ORIGINS: LATE ARCHAIC AND WOODLAND COMPARISONS
The variable importance shown in the maxent output charts (Figures 21, 22, 24,
25, 27, 28, 30, 31, 33, 34, 36, 37) illustrate some differences between the cultural periods
regarding environmental considerations when choosing a settlement location. To explore
these differences further and identify which variables show the most variance between
cultural periods, the associated data was run through various tests in SPSS. For this
portion of the results, only the rock shelters only and no rock shelters site groupings were
used as rock shelter sites primarily occur in specific locations on the landscape and their
inclusion with non-rock shelter sites simultaneously may unfavorably alter the results.
Due to poor performance, the variables Northness Southness and Eastness Westness were
omitted from testing.
Late Archaic and Woodland Open Air Sites
A Shapiro-Wilk test for normality was run on the continuous variables to identify
whether the data is normally distributed and whether a parametric or non-parametric test
should be selected.
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•

The variable Perennial is not normally distributed (skewness = 1.557; kurtosis =
3.535; W = 0.861 p < 0.001.

•

The variable Chert is not normally distributed (skewness = 3.172; kurtosis =
13.784; W = 0.610; p < 0.001.

•

The variable Slope is not normally distributed (skewness = 2.747; kurtosis =
9.478; W = 0.688; p < 0.001.

•

The variable Elevation is not normally distributed (skewness = 1.266; kurtosis =
2.935; W = 0.913; p < 0.001.

A Levene’s test for equal variance was run on the continuous variables
•

The Levene’s test showed that the variances for Perennial were equal, (W(1,519)
= .912, p = .340)

•

The Levene’s test showed that the variances for Chert were equal, (W(1,519) =
.055, p = .815)

•

The Levene’s test showed that the variances for Slope were equal, (W(1,519) =
2.905, p = .089)

•

The Levene’s test showed that the variances for Elevation were not equal,
(W(1,519) = .6.066, p = 0.014.

Because none of the continuous variables have normal distributions,
nonparametric Mann-Whitney U tests are used for each variable comparison across the
cultural periods.
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Table 17. Descriptive statistics for the Late Archaic sites, open air only.

Table 18. Descriptive statistics for the Woodland sites, open air only.

Table 19. Mann-Whitney U test to identify differences in distribution between the four continuous
variables across both cultural periods, open air sites only. Sig = p value.
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•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Woodland periods (U = 32156.500; p = 0.667)

•

A Mann-Whitney test reveals no significant difference in Chert distance between
the Late Archaic and Woodland periods (U = 29196.500; p = .165).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Woodland periods (U = 30472.500; p = .570).

•

A Mann-Whitney test reveals significant difference in Elevation between the Late
Archaic and Woodland periods (U = 27604.000; p = .020).

•

Late Archaic sites occur at significantly higher elevations (mean elevation =
316.58 m) than Woodland sites (mean elevation = 297.6 m).
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Figure 44. Bar chart showing site frequency in relation to perennial variable, non-rock shelter
sites only.

Figure 45. Bar chart showing site frequency in relation to chert variable, non-rock shelter
sites only.
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Figure 46. Bar chart showing site frequency in relation to slope variable, non-rock shelter
sites only.

Figure 47. Bar chart showing site frequency in relation to slope variable, non-rock shelter
sites only.
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A Chi Square test was conducted for the nominal variables across both cultural
periods.
Table 20. Chi Square test for identifying differences in soil order in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The soil orders of site locations do not significantly differ between the Late
Archaic and Woodland periods (Pearson χ2 = 4.128, p = 0.248).
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Table 21. Chi Square test for identifying differences in soil drainage in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The drainage classes of site locations do not significantly differ between the Late
Archaic and Woodland periods (Pearson χ2 = 1.100, p = 0.179).
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Table 22. Chi Square test for identifying differences in upland and lowland locations in
relation to settlements across both cultural periods, open air sites only. Adjusted Residual
> 2 or -2 is significant.

•

The upland or lowland location of site locations do not significantly differ
between the Late Archaic and Woodland periods (Pearson χ2 = 0.169, p = 0.681).
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Late Archaic and Woodland Rock Shelter Sites
A Shapiro-Wilk test for normality was run on the continuous variables to identify
whether the data is normally distributed and whether a parametric or non-parametric test
should be selected.
•

The variable Perennial is not normally distributed (skewness = 1.835; kurtosis =
5.890; W = 0.869; p < 0.001.

•

The variable Chert is not normally distributed (skewness = 2.181; kurtosis =
4.111; W = 0.652; p < 0.001.

•

The variable Slope is not normally distributed (skewness = 0.766; kurtosis =
0.868; W = 0.966; p < 0.001.

•

The variable Elevation is not normally distributed (skewness = 1.207; kurtosis =
5.934; W = 0.936; p < 0.001.

A Levene’s test for equal variance was run on the continuous variables.
•

The Levene’s test showed that the variances for Perennial were equal, (W(1,850)
= 2.840, p = 0.092)

•

The Levene’s test showed that the variances for Chert were equal, (W(1,850) =
0.317, p = 0.574)

•

The Levene’s test showed that the variances for Slope were equal, (W(1,850) =
1.590, p = 0.208)

•

The Levene’s test showed that the variances for Elevation were equal, (W(1,850)
= 0.129, p = 0.214)
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Due to all of the continuous variables not having normal distributions, a MannWhitney U test was conducted for each variable comparison across the cultural periods
(Tables 23,-25).
Table 23. Descriptive statistics for the Late Archaic sites, rock shelters only.

Table 24. Descriptive statistics for the Woodland sites, rock shelters only.
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Table 25. Mann-Whitney U test to identify differences in distribution between the four continuous
variables across both cultural periods, rock shelter sites only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Woodland periods (U =57640.500; p = 0.805)

•

A Mann-Whitney test reveals no significant difference in Chert distance between
the Late Archaic and Woodland periods (U = 57697.000; p = 0.789).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Woodland periods (U = 56738.500; p = 0.944).

•

A Mann-Whitney test reveals no significant difference in Elevation between the
Late Archaic and Woodland periods (U = 53313.500; p = 0.203).
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Figure 48. Bar chart showing site frequency in relation to perennial variable, rock shelter
sites only.

Figure 49. Bar chart showing site frequency in relation to chert variable, rock shelter sites
only.
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Figure 50. Bar chart showing site frequency in relation to slope variable, rock shelter sites
only.

Figure 51. Bar chart showing site frequency in relation to elevation variable, rock shelter
sites only.
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Late Archaic and Early Woodland Open Air Sites

Due to variables without normal distributions, a Mann-Whitney U test was conducted for
each variable comparison across the cultural periods (Tables 26-28).

Table 26. Descriptive statistics for the Late Archaic sites, open air only.

Table 27. Descriptive statistics for the Early Woodland sites, open air only.

128

Table 28. Mann-Whitney U test to identify differences in distribution between the five
continuous variables across both cultural periods, open air sites only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Early Woodland periods (U = 8030.500; p = 0.933)

•

A Mann-Whitney test reveals significant difference in Chert distance between the
Late Archaic and Early Woodland periods (U = 9677.500; p = 0.004).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Early Woodland periods (U = 8511.500; p = 0.379).

•

A Mann-Whitney test reveals significant difference in Elevation between the Late
Archaic and Early Woodland periods (U = 9634.000; p = 0.006).

•

A Mann-Whitney test reveals no significant difference in AreaM between the
Late Archaic and Early Woodland periods (U = 7518.500; p = 0.445).
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•

Late Archaic sites occur at significantly higher distances from chert (mean chert
distance = 1.658 km) than Early Woodland sites (mean chert distance = 1.046
km).

•

Late Archaic sites occur at significantly higher elevations (mean chert distance =
316.614 m) than Early Woodland sites (mean chert distance = 285.034 m).
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Figure 52. Bar chart showing site frequency in relation to perennial variable, open air
sites only.
Figure 1

Figure 53. Bar chart showing site frequency in relation to chert variable, open air sites only.
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Figure 54. Bar chart showing site frequency in relation to elevation variable, open air
sites only.

Figure 55. Bar chart showing site frequency in relation to slope variable, open air sites
only.
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Figure 56. Bar chart showing site frequency in relation to site area variable, open air sites
only.
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A Chi Square test was conducted for the nominal variables across both cultural periods.
Table 29. Chi Square test for identifying differences in soil order in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The soil order classification of site locations do significantly differ between the
Late Archaic and Early Woodland periods (Pearson χ2 = 10.202, p = 0.006).

•

Significantly fewer Late Archaic sites occur on Alfisols (AdjR = -3.0).

•

Significantly more Late Archaic sites occur on Ultisols (AdjR = 3.0).

•

Significantly fewer Early Woodland sites occur on Ultisols (AdjR = -2.8).

•

Significantly more Early Woodland sites occur on Alfisols (AdjR = 2.8).
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Table 30. Chi Square test for identifying differences in soil drainage in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The soil drainage classifications of site locations do not significantly differ
between the Late Archaic and Early Woodland periods (Pearson χ2 = 0.195, p =
0.697).
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Table 31. Chi Square test for identifying differences in upland and lowland locations in
relation to settlements across both cultural periods, open air sites only. Adjusted Residual
> 2 or -2 is significant.

•

The upland or lowland location of site locations do significantly differ between
the Late Archaic and Early Woodland periods (Pearson χ2 = 0.057, p = 0.895).
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Late Archaic and Early Woodland Rock Shelter Sites
Due to variables without normal distributions, a Mann-Whitney U test was
conducted for each variable comparison across the cultural periods (Tables 3234).

Table 32. Descriptive statistics for the Late Archaic sites, rock shelters only.

Table 33. Descriptive statistics for the Early Woodland sites, rock shelters only.
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Table 34. Mann-Whitney U test to identify differences in distribution between the five
continuous variables across both cultural periods, rock shelters only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Early Woodland periods (U = 7369.000; p = 0.379)

•

A Mann-Whitney test reveals no significant difference in Chert distance between
the Late Archaic and Early Woodland periods (U = 8873.500; p = 0.091).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Early Woodland periods (U = 7305.000; p = 0.323).

•

A Mann-Whitney test reveals no significant difference in Elevation between the
Late Archaic and Early Woodland periods (U = 8107.000; p = 0.705).

•

A Mann-Whitney test reveals no significant difference in AreaM between the
Late Archaic and Early Woodland periods (U = 7602.500; p = 0.630).
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Figure 57. Bar chart showing site frequency in relation to perennial variable, rock shelter
sites only.
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Figure 58. Bar chart showing site frequency in relation to chert variable, rock shelter
sites only.

Figure 59. Bar chart showing site frequency in relation to slope variable, rock shelter sites
only.
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Figure 60. Bar chart showing site frequency in relation to elevation variable, rock shelter
sites only.

Figure 61. Bar chart showing site frequency in relation to area in meters variable, rock
shelter sites only.
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A Chi Square test was conducted for the nominal variables across both cultural
periods.
Table 35. Chi Square test for identifying differences in soil order in relation to
settlements across both cultural periods, rock shelter sites only. Adjusted Residual > 2
or -2 is significant. Variables with less than 5 counts are omitted.

•

The soil order classifications of site locations do not significantly differ between
the Late Archaic and Early Woodland periods (Pearson χ2 = 0.078, p = 0.094).
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Table 36. Chi Square test for identifying differences in soil drainage in relation to
settlements across both cultural periods, rock shelter sites only. Adjusted Residual > 2 or
-2 is significant. Variables with less than 5 counts are omitted.

•

The soil drainage classifications of site locations do not significantly differ
between the Late Archaic and Early Woodland periods (Pearson χ2 = 0.472, p =
0.790).
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Table 37. Chi Square test for identifying differences in upland and lowland
locations in relation to settlements across both cultural periods, rock shelter sites
only. Adjusted Residual > 2 or -2 is significant.

•

The upland or lowland location of site locations do not significantly differ
between the Late Archaic and Early Woodland periods (Pearson χ2 = 0.186, p =
0.666).
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Late Archaic and Late Woodland Open Air Sites
Due to variables without normal distributions, a Mann-Whitney U test was
conducted for each variable comparison across the cultural periods (Tables 3840).
Table 38. Descriptive statistics for the Late Archaic sites, open air only.

Table 39. Descriptive statistics for the Late Woodland sites, open air only.
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Table 40. Mann-Whitney U test to identify differences in distribution between the five
continuous variables across both cultural periods, open air sites only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Late Woodland periods (U = 15729.000; p = 0.722)

•

A Mann-Whitney test reveals no significant difference in Chert distance between
the Late Archaic and Late Woodland periods (U = 15261.500; p = 0.891).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Late Woodland periods (U = 14729.000; p = 0.487).

•

A Mann-Whitney test reveals significant difference in Elevation between the Late
Archaic and Late Woodland periods (U = 13368.000; p = 0.034).

•

A Mann-Whitney test reveals no significant difference in AreaM between the
Late Archaic and Late Woodland periods (U = 15493.000; p = 0.914).
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•

Late Archaic sites occur at significantly higher elevations (mean elevation =
316.61 m) than Late Woodland sites (mean elevation = 299.43 m).

Figure 62. Bar chart showing site frequency in relation to perennial variable, open air
sites only.
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Figure 63. Bar chart showing site frequency in relation to chert variable, open air sites
only.

Figure 64. Bar chart showing site frequency in relation to slope variable, open air sites
only.
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Figure 65. Bar chart showing site frequency in relation to elevation variable, open air
sites only.

Figure 66. Bar chart showing site frequency in relation to area in meters variable, open
air sites only.
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A Chi Square test was conducted for the nominal variables across both cultural
periods.
Table 41. Chi Square test for identifying differences in soil order in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The soil order classifications of site locations do not significantly differ between
the Late Archaic and Late Woodland periods (Pearson χ2 = 1.406, p = 0.704).
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Table 42. Chi Square test for identifying differences in soil drainage in relation to
settlements across both cultural periods, open air sites only. Adjusted Residual > 2 or -2
is significant. Variables with less than 5 counts are omitted.

•

The soil drainage classifications of site locations do not significantly differ
between the Late Archaic and Late Woodland periods (Pearson χ2 = 0.723, p =
0.395).
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Table 43. Chi Square test for identifying differences in upland and lowland locations in
relation to settlements across both cultural periods, open air sites only. Adjusted Residual
> 2 or -2 is significant.

•

The classifications of site locations do not significantly differ between the Late
Archaic and Late Woodland periods (Pearson χ2 = 0.522, p = 0.470).
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Late Archaic and Late Woodland Rock Shelter Sites
Due to variables without normal distributions, a Mann-Whitney U test was
conducted for each variable comparison across the cultural periods.
Table 44. Descriptive statistics for the Late Archaic sites, rock shelters only.

Table 45. Descriptive statistics for the Late Woodland sites, rock shelters only.
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Table 46. Mann-Whitney U test to identify differences in distribution between the five
continuous variables across both cultural periods, rock shelters only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial distance
between the Late Archaic and Late Woodland periods (U = 15729.000; p = 0.400)

•

A Mann-Whitney test reveals no significant difference in Chert distance between
the Late Archaic and Late Woodland periods (U = 15261.500; p = 0.983).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Late Woodland periods (U = 14729.000; p = 0.978).

•

A Mann-Whitney test reveals no significant difference in Elevation between the
Late Archaic and Late Woodland periods (U = 13368.000; p = 0.338).

•

A Mann-Whitney test reveals significant difference in AreaM between the Late
Archaic and Late Woodland periods (U = 15493.000; p = 0.045).
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•

Late Archaic sites comprise a significantly larger area (mean area = 39.44 m) than
Late Woodland sites (mean area = 30.91 m).
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Figure 67. Bar chart showing site frequency in relation to perennial variable, rock shelter
sites only.

Figure 68. Bar chart showing site frequency in relation to chert variable, rock shelter sites
only.
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Figure 69. Bar chart showing site frequency in relation to slope variable, rock shelter
sites only.

Figure 70. Bar chart showing site frequency in relation to elevation variable, rock shelter
sites only.
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Figure 71. Bar chart showing site frequency in relation to area in meters variable, rock
shelter sites only.
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A Chi Square test was conducted for the nominal variables across both cultural
periods.
Table 47. Chi Square test for identifying differences in soil order in relation to
settlements across both cultural periods, rock shelter sites only. Adjusted Residual > 2
or -2 is significant. Variables with less than 5 counts are omitted.

•

The soil order classifications of site locations do not significantly differ between
the Late Archaic and Late Woodland periods (Pearson χ2 = 0.211, p = 0.646).

159

Table 48. Chi Square test for identifying differences in soil drainage in relation to
settlements across both cultural periods, rock shelter sites only. Adjusted Residual > 2 or
-2 is significant. Variables with less than 5 counts are omitted.

•

The soil drainage classifications of site locations do not significantly differ
between the Late Archaic and Late Woodland periods (Pearson χ2 = 0.178, p =
0.915).
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Table 49. Chi Square test for identifying differences in upland and lowland locations in
relation to settlements across both cultural periods, rock shelter sites only. Adjusted
Residual > 2 or -2 is significant.

•

The upland or lowland location of site locations do not significantly differ
between the Late Archaic and Late Woodland periods (Pearson χ2 = 0.084, p =
0.772).
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Late Archaic and Woodland Largest Sites
Table 50. Descriptive statistics for the Late Archaic largest sites.

Table 51. Descriptive statistics for the Woodland largest sites.
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Table 52. Mann-Whitney U test to identify differences in distribution between the five
continuous variables across both cultural periods, largest sites only. Sig = p value.

•

A Mann-Whitney test reveals no significant difference in Perennial
distance between the Late Archaic and Woodland periods (U = 118.500; p =
0.422)

•

A Mann-Whitney test reveals significant difference in Chert distance between the
Late Archaic and Woodland periods (U = 46.500; p = 0.017).

•

A Mann-Whitney test reveals no significant difference in Slope between the Late
Archaic and Woodland periods (U = 117.000; p = 0.475).

•

A Mann-Whitney test reveals no significant difference in Elevation between the
Late Archaic and Woodland periods (U = 56.000; p = 0.055).

•

A Mann-Whitney test reveals significant difference in AreaM between the Late
Archaic and Woodland periods (U = 154.000; p = 0.017).
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•

Late Archaic sites are found at a significantly larger distance to chert (mean
distance = 3.64 km) than Woodland sites (mean distance = 1.18 km).

•

Woodland sites comprise a significantly larger area (mean area = 1712.21 m) than
Late Archaic sites (mean area = 889.18 m).

Figure 72. Bar chart showing site frequency in relation to perennial variable, largest sites
only.
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Figure 73. Bar chart showing site frequency in relation to chert variable, largest sites
only.

Figure 74. Bar chart showing site frequency in relation to slope variable, largest sites
only.
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Figure 75. Bar chart showing site frequency in relation to elevation variable, largest sites
only.

Figure 76. Bar chart showing site frequency in relation to area in meters variable, largest
sites only.
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Site Type Occurrences by Cultural Period
Table 53. Chi Square test for identifying differences in site type across both cultural
periods, largest sites only. Adjusted Residual > 2 or -2 is significant.

•

The Type classification of site locations do significantly differ between the Late
Archaic and Woodland periods (Pearson χ2 = 48.562, p = <0.001).

•

Significantly fewer Woodland sites are open air sites (AdjR = -7.0).

•

Significantly more Woodland sites are rock shelter sites (AdjR = 7.0).
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Table 54. Chi Square test for identifying differences in site type across both cultural
periods, largest sites only. Adjusted Residual > 2 or -2 is significant.

•

The Type of site does not significantly differ between the Late Archaic and Early
Woodland periods (Pearson χ2 = 1.979, p = 0.094).
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Table 55. Chi Square test for identifying differences in site type across both cultural
periods, largest sites only. Adjusted Residual > 2 or -2 is significant.

•

The Type classification of sites does significantly differ between the Late Archaic
and Late Woodland periods (Pearson χ2 = 45.678, p = <0.001).

•

Significantly fewer Late Woodland sites are open air sites (AdjR = -6.8).

•

Significantly more Late Woodland sites are rock shelter sites (AdjR = 6.8).
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Table 56. Chi Square test for identifying differences in site region across both
cultural periods, largest sites only. Adjusted Residual > 2 or -2 is significant.

•

The Type of site does not significantly differ between the Late Archaic and Early
Woodland periods (Pearson χ2 = 0.000, p = 1.000).

Table 57. Soil order percent composition of study area by elevation brackets. Elevation
brackets were determined using the “natural breaks” classifier in Arcmap.
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DISCUSSION
Modelling Methods Comparison
The first goal of this thesis was to form a predictive model for the Daniel Boone
National Forest for the Late Archaic and Woodland period. This has been accomplished
at a satisfactory level through the maxent program with the models (Figures 23, 26, 32,
35, 38-43) having AUC values classified no lower than “Good” (Figures 25, 28, 34, 37).
The overall performance of the random forest classification models was not good, with
few even exceeding a correct classification much higher than random chance. Across the
6 models, the mean MCC score was -0.006 for the Late Archaic models and -0.003 for
the Woodland models (Table 58). This MCC score shows that across the two cultural
periods, the models were averaging a slightly worse than random chance of classifying
cells correctly. The average accuracy score for the Late Archaic models was 0.54 while
the Woodland models averaged 0.63 (Table 58), showing that the models both classified
cells correctly at a rate that is only slightly above random chance when compared to the
test data set aside for validation. In all 6 models, the exact same variables were identified
as contributing a large portion of the output explanation, with the same three contributing
little. The variables contributing the larger percentages were all continuous data rasters
while those contributing little were all categorical.
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This consistent distribution of the variable importance values is likely due to the lack of
variation across the study area in the categories held within the categorical variables with
each having one or two categories that comprised the majority of the study area (Tables
3, 5, 6). The continuous variables likely hold much more cell value variation across the
study area and therefore allowed for much more information to be extracted during the
construction of the decision trees.
Table 58. Showing the self-reported diagnostic tests averages for the cultural periods.
Self-Reported Diagnostic Averages
Late Archaic

MCC
-0.006

Accuracy
0.54

Woodland

-0.003

0.63

Although none of the AUC values for the six maxent models are above 0.9 and in
the excellent category, the overall performance of the maxent models is acceptable, with
only one of the AUC values falling into the fair category (Duan et al 2014). The jackknife
variable importance and response curve charts output by each model are highly varying
between the iterations showing that the models are detecting varying influences on the
sites being tested and that there are likely are differences in the relationships between
sites and the variables. The general trend for the variables across all of the iterations is
that slope, elevation, distance to chert, and distance to perennial all frequented the top of
the jackknife variable importance charts while the Northness Southness, Eastness
Westness, soil order, and soil drainage frequented the bottom of the variable importance
charts. The maxent logistic output reclassification is an important tool that can be used by
the Forest Service (Figures 38-43 and Table 16). The logistic output can be reclassified
into any intervals desired, allowing for the identification of the area most likely to contain
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a site, even within a region that contains generally low probabilities overall. This should
be useful for the Forest Service as the classifications can be scaled and any cultural
resource assessment can be initially planned accordingly.
The goal of this analysis is not to investigate the validity of either modelling
method in this type of research as both are well established (Kaky et al. 2020; Merow et
al. 2013:1058; Rahmati et al. 2015), but to identify which method is more appropriate for
this dataset and instance of research. In this analysis, the outcome disparities of the
modelling methods random forest and maxent are readily apparent. The failure of the
random forest modelling in this analysis could be attributed to a number of issues. The
foremost of these is choosing, or not, the correct parameter specifications when training
and eventually running the model (Scornet 2018: 144-145). For example, Tables 8 and 9
show that the OOB MSE were larger in the validation data than they were in the full
model. This should have been recognized and a larger set of trees applied to each model
until the MSE and full models MSE were nearly the same thus increasing the model
accuracy (ESRI tool functionality help).
Apart from user error, the dataset used in this analysis may have doomed the
random forest models from the start. In Table 1, the relative amount of Late Archaic sites
to Woodland sites is disproportionately in favor of Woodland period sites regardless of
how they are divided by site type. Both random forest classification and regression are
sensitive to smaller datasets potentially negatively altering results, and in this analysis,
the Late Archaic sites numbers are relatively small, especially when compared to the
number of Woodland sites (Wachtel et al. 2018: 34-35). The problem of smaller datasets
is further complicated by classification and regressions need for negative test data. In this
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analysis the sites used as negative instances are the other cultural periods sites where the
period being tested for was not also present. This mandated the inclusion of the small
number of Late Archaic sites in every model iteration, either as positive or negative
observations, likely leading to the small dataset issues (Wachtel et al. 2018: 35). The tool
used in this analysis, FOREST-BASED CLASSIFICATION AND REGRESSION,
contains a parameter called “compensate for small categories” (it was always selected),
which is supposed to correct for the issue being described although no explanation could
be found detailing how it works so no judgement can be made regarding its efficacy
(ESRI).
Despite not knowing if the “compensate for small categories” was successful,
maxent is immune to the potential issue of small datasets as it only uses presence
observations (PO) and requires no negative observations but constructs its own (Elith et
al. 2011: 46-48; Merow et al. 2013; Wachtel et al. 2018: 34-35). Requiring only PO
points entirely eliminates the problem random forest may have encountered as each
iteration of maxent only included data from the cultural period presently being modelled.
Additionally, maxent’s use of only PO points eliminates the potential issue of using sites
as negative observations where the site may not have been excavated deep enough to
even confirm the presence or absence of Late Archaic artifacts, thereby removing the
possibility of every negative presence Late Archaic site being a false negative
observation.
A further issue complicating the results of the random forest classification is that
the inclusion of a negative presence location does not mean that the characteristics of the
site are not suitable for settlements (Wachtel et al. 2018: 34-35). This problem is
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exacerbated by the binary nature of classification, though admittedly the regression
format is more appropriate for this analysis and should have been used instead. Even if
regression had been selected for this analysis, the inclusion of negative observations
selected randomly inserts distortion into the model’s understanding of the relationship
between sites and environmental variables (Wachtel et al. 2018: 34-35). Since this
analysis used the opposite cultural period sites for negative observations, the distortion
previously described would only potentially apply to Woodland sites as they may not
have been excavated deep enough to confirm the presence or absence of Late Archaic
material, whereas the Late Archaic site excavations would have passed through the
Woodland period soil formations.
Though not related to model performance, the amount of data made available
through charts for the maxent model far exceeded the random forest model. For the goals
of this analysis, the variable response curve charts provided by maxent are incredibly
useful. While both random forest and maxent quantify variable importance, maxent’s
response curves show exactly what values within a variable hold the higher probability
for prediction which adds a layer of depth that can be used to interpret the relationships
between the sites and the environment. Based on these examples and the self-reported
evaluations of both random forest and maxent, it is obvious that maxent is the superior
predictive modelling method for this analysis.
Important Variables
The second goal of this thesis is to identify what variable(s) are most significant
when choosing a settlement on the landscape across the cultural periods. However,
splitting the site dataset into open air and rock shelter sites has shown that the cultural
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periods cannot be discussed at this scale. The AUC or accuracy of the models increases
when the data is divided into open air and rock shelter sites, rather than all sites from both
periods (Figures 22, 25, 28, 31, 34, 37). This is likely due to rock shelters only occurring
on specific landforms in the study area. Due to the increase in accuracy, the importance
of variables will be discussed accordingly by the division of open air and rock shelter
sites across the Late Archaic and Woodland periods.
The jackknife charts and variable response curves created for each of the site
groupings allow for an in depth view of which variables contribute the largest amount of
information to each maxent iteration. Simply identifying a continuous variable in the
jackknife chart like elevation, for example, does not confer much information and must
be interpreted via the corresponding response curve charts for the variable, allowing for
the identification of the range(s) within elevation to be identified. Likewise, nominal
variables may be interpreted by the varying heights of the bar chart associated with the
classifications within each variable.
Across the four cultural periods, the variable slope was present among the most
important variables (Figures 25, 28, 34, and 37). Although important for all of the
analyses, the open air sites for both cultural periods show significant loss of accuracy
when the slope variables is omitted (Figures 25 and 34). The trends in slope seen in the
variable response curves are similar across both cultural periods (Figures 25, 28, 34, and
37). For open air sites, the response curves show very high responses for slopes ranging
from 0-5 degrees and 40-70 degrees. This shows that people of both cultural periods
preferred very level terrain (0-5 degrees) and avoided very steep terrain (40-70 degrees).
The rock shelter sites across both periods exhibit high response values within the range of
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30-70 degrees. This does not necessarily mean that people of both cultural periods
intentionally sought out locations with high slope values but is rather a matter of geologic
formation processes that will be discussed subsequently. Other variables identified as
important to each analysis will now be discussed.
Late Archaic Open Air Sites
The jackknife table for the Late Archaic open air sites identified upland/lowland,
distance to perennial, and elevation as important variables (Figures 24 and 25). The
distance to perennial response curve shows the highest response is near 0 km with
approximately 7 km being similarly high, though less. The elevation response curve
shows the range of 61-91.5 m as having the highest response. The upland lowland
response shows that the lowland classification is a better predictor. Based on these
important variables, it can be asserted that areas of even terrain adjacent to rivers with an
elevation between 61-91.5 m that are in the lowlands are the most likely to be selected for
open air settlement during the Late Archaic period.
Woodland Open Air Sites
The jackknife table for the Woodland open air sites identified upland/lowland,
distance to perennial, and distance to chert as important variables (Figures 33 and 34).
The distance to perennial response curve shows the highest response is between 18.3-24.4
km with approximately 0 km being similarly high, though less. The distance to chert
response curve shows the range of 0-6.1 km as having the highest response. The upland
lowland response shows that the lowland classification is a better predictor. Based on
these important variables, it can be asserted that areas of even terrain, immediately
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adjacent to rivers, in the lowlands, and very close to chert bearing stone formations are
the most likely to be selected for open air settlement during the Woodland period.
Late Archaic Rock Shelter Sites
The jackknife table for the Late Archaic rock shelter sites identified soil drainage,
elevation, and soil order as the most important variables (Figures 27 and 28). The
elevation response curve shows the high response is between 91.5-152.5 m, peaking at
122 m. The soil order response shows the Ultisols and Inceptisols as having the highest
response with Mollisols and Water close behind, likely due to their near complete
absence in the high response elevation ranges (Table 57). The soil drainage response
shows the somewhat excessively drained classification as having the highest response.
Based on these important variables, it can be asserted that areas of steep terrain with an
elevation around 122 m, a soil order classification of Inceptisols or Ultisols, and
somewhat excessively drained soil are the most likely to be selected for rock shelter
settlement during the Late Archaic period.
Woodland Rock Shelter Sites
The jackknife table for the Woodland rock shelter sites identified soil order,
elevation, and distance to chert as important variables (Figures 36 and 37). The elevation
response curve shows the high response is between 91.5-152.5 m, peaking at 122 m. The
distance to chert response curve shows the range of 0-12.2 km as having a high response
with slightly above 0 km being the highest. The soil order response shows the Ultisols
and Inceptisols as having the highest response with Mollisols close behind, likely due to
the near complete absence in the high response elevation ranges (Table 57). Based on
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these important variables, it can be asserted that areas of steep terrain with soils of the
Ultisols or Inceptisols order with an elevation around 122 m and within 12.2 km of chert
bearing rock formations are the most likely to be selected for rock shelter settlement
during the Woodland period.
Variation Between Cultural Periods
The models for open air sites performed better for the Late Archaic than the
Woodland period, with the AUC value being .86 for the Late Archaic and .81 for the
Woodland (Figures 25 and 34). A potential explanation for this is that the Woodland
period sites occur at lower elevations than the Late Archaic while still having 55% of
sites in the uplands. This shows a more general occupation of the landscape and therefore
less specific variable values to identify. Variable importance for open air sites in both
cultural periods are largely similar, a few variation can be seen in the data. A larger
response is seen in the slope response curve for the Late Archaic open air sites between
40-70 degrees, showing less willingness to settle rougher terrain during the Late Archaic
period (Figures 24 and 33). The secondary high response in elevation for the Late
Archaic is also higher than the Woodland between 122-152.5 m (Figures 24 and 33). The
Woodland period sites have a higher response to the Alfisols classification in the soil
order variable, possibly a result of their lower average elevation (Figure 33 and 42 and
Table 57).
The models for rock shelter sites performed better for the Woodland period than
the Late Archaic, with the AUC value being .70 for the Late Archaic and .77 for the
Woodland (Figures 28 and 37). A possible explanation for this is the increase in rock
shelter usage during the Woodland period, giving the model more data to work with. The
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variable importance between the cultural periods is nearly identical, however one of the
response curves show some variance. The slope response in the Woodland period shows
the rise in response begins sooner and has higher values than in the Late Archaic which
may indicate more utilization of rock shelters on the lower slopes (Figures 27 and 36).
Rock Shelter Response Considerations
For both the Late Archaic and Woodland period rock shelter locations the
jackknife variable importance tables identified slope and elevation as among the top three
regarding importance. This makes the results of this questionable regarding interpretation
of how the people of those cultural periods would have selected a rock shelter site as the
variables slope and elevation constrain rock shelter distribution and are a matter of
geologic formation process, rather than a discerning population. Looking at the distance
to perennial response curves in Figures 27 and 35, both cultural periods curves drop off
after 6.1 km, however the Late Archaic curve drops much more dramatically. This
indicates that Late Archaic rock shelter sites are less likely than Woodland rock shelter
sites to be found in rock shelters as the distance to perennial water increases.
Landscape use and the Origin/Intensification of Horticulture in DBNF
The third goal of this thesis is to interpret the results of the various analyses
within the context of the debate surrounding the adoption and intensification of
horticulture within the study area. The expectations of the results for each hypothesis can
now be compared, along with observations among the analyses performed to test aspects
of Smith’s (Smith 2015, 1989; Smith and Yarnell 2009) and Gremillion’s (1998, 1993;
Gremillion et al. 2008) agricultural origins models.
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Central to the horticultural debate is whether or not domestication occurred
primarily occurring in the uplands or lowlands. Some argue that settlement trends during
the Late Archaic trended towards the rich bottomland environments (Jefferies 2005;
Smith 2015). The record in this study area does not seem to reflect this proposed
landscape use. More open air Late Archaic sites (56.8%) and Woodland sites (55%) are
in the uplands than the lowlands. Likewise, the distribution of sites for both cultural
periods does not conform to Gremillion’s hypothesis that the bottomlands were
abandoned in favor of the uplands due to various environmental pressures (Gremillion
1998; Gremillion et al. 2008). Non-conformity between the settlements patterns and the
hypotheses can also be seen in the tests run on the largest sites which were likely
consistently reoccupied by large groups and may be likely candidates for horticulture
(Table 52 and 56, Figures 63-67). The Woodland period exhibits significantly larger sites
than the Late Archaic (Table 52), however the largest quartile of sites for both cultural
periods are distributed with perfect parity between the uplands and the lowlands which
shows significant investment in locations in the uplands and lowlands in both the Late
Archaic and Woodland periods, contrary to what both hypotheses would expect
(Gremillion 1998; Gremillion et al. 2008; Smith 1989, 2015). Despite the parity in large
sites between the uplands and lowlands, the elevation result was nearly significant (U =
56, p = 0.055) showing that the largest Late Archaic sites (mean elevation = 94 m) are
found at higher elevations than the largest Woodland sites (mean elevation = 81 m)
(Table 52), contradicting the expectations of Smith’s hypothesis.
The jackknife variable importance chart for the upland lowland variable in open
air Late Archaic sites identifies lowland regions as the fourth most important variable and
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a better predictor than uplands for Late Archaic open air sites (Figure 25). The jackknife
variable response table for uplands and lowlands finds the lowland regions to be a better
predictor for open air Woodland sites (Figure 34, Table 22). This discontinuity in
findings may be a result of the jackknife response tables only showing single variable
responses and not paired response results that the algorithm uses as well (Phillips and
Dudik 2004). The lack of a predilection towards the uplands or lowlands within the open
air sites in the Late Archaic, Woodland, Early Woodland, and Late Woodland periods can
be seen in the non-significant results of the chi-square tests in Tables 31, 37, 43, 49.
The most consistent difference between the Late Archaic and Woodland periods
is repeating significant Mann-Whitney U test results for elevation variable. Late Archaic
Sites occur at somewhat higher elevations (96 m) than the Early and Late Woodland
periods (86 m, 91 m), (Tables 17, 28, 40). The Late Archaic sites being at a higher
average elevation than the Woodland sites is contrary to the expectations of Smith’s
hypothesis and is supportive of Gremillion for the Late Archaic period (Gremillion 1998’
Gremillion et al. 2008; Smith 1989, 2015). Despite the significant results, the higher
elevations occupied by the Late Archaic sites does not show a preference for the regions
identified as uplands, relative to the Woodland period sites. Based on the non-significant
differences in site locations between the uplands and lowlands and the significant
differences in elevations, the upland lowland variable may not be very useful whereas the
elevation variable seems more important. Using elevation data allows for a better
understanding of settlement variations between the cultural periods as shifts toward or
away from the uplands and lowlands are more readily recognized within multiple
elevation zones than a binary classification of the landscape. Regardless of whether
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upland/lowland or elevation is used, the results do not conform to the horticultural
origination hypotheses of Smith and Gremillion, showing a relatively even usage of the
landscape across both cultural periods with the Late Archaic people preferring a slightly
higher elevation (Tables 17, 28, 31, 37, 40, 43, and 49) (Gremillion et al. 1998; Smith
1989, 2015).
The expected results of the distance to perennial variable within the hypotheses
are that if Smith is correct, then the distances should be very short (<.6 km), whereas if
Gremillion is correct, the distances will not be very short (>.6 km). The average distances
across the open air sites in the Late Archaic, Woodland, Early Woodland, and Late
Woodland periods show that the mean distances are all approximately .7-.8 km (Tables
23, 24, 32, 33, 44, 45). When compared to the randomly sampled average breadth of the
lowland valley areas (.6 km), the expectations of sites being located very close to rivers
in Smith’s hypothesis are not met (Smith 1989, 2015). Additionally, sites are present in
the Southeastern portion of the study area, far removed from any major rivers or 2nd/3rd
order rivers as Smith describes being the ideal setting (Smith 1989). The mean distances
for the rock shelter sites across the same periods are approximately the same (Tables 26,
27, 38, 39). Due to rock shelters being primarily in the upland regions, the average
distances of both the open air sites and rock shelter sites being largely similar does not
conform to the expected results of either hypothesis. This is likely a result from the
distribution of sites between the upland and lowland regions being roughly equal as
described above and the high percentage of perennial water sources in the region.
Expected results regarding the soil order variable in relation to the hypotheses are
that sites would be found on more fertile soil orders as horticulture intensified. While the
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lowland river valleys are described as being rich and abundant in resources, implying
fertile land, Gremillion contends and shows that fertile soils do exist in the upland
regions, albeit to a smaller extent, which was found to be true (Table 57) (Gremillion et
al. 2008:390-406; Smith 2015:230-231). Only one of the three chi-square test on open air
sites found significant differences in the soil orders between cultural periods, finding that
significantly more Early Woodland sites occur on Alfisols (41.7%), than Late Archaic
sites (22.8%) (Table 29). This result is interesting, as Alfisols are naturally fertile soils
and Ultisols are not (Rapp and Hill 2006; Soil Survey Staff 2015, 1999). The soil order
chi-square tests for the rock shelter sites did not find and significant differences between
the Late Archaic and Early or Late Woodland periods, although importantly, only
Inceptisols and Ultisols were represented in 5 or more site locations while Ultisols
comprised approximately 75% of all sites (Tables 19, 35, 47). While Ultisols have a
naturally low fertility, Inceptisols are listed as variable in fertility (Soil Survey Staff
2015, 1999). This shows that the areas immediately adjacent to rock shelters were likely
areas of moderate or low fertility. Higher-quality arable land is far more common among
the open air sites, with approximately 20-30% of sites being classified as Alfisols (Tables
20, 29, 41). These Alfisols occur primarily at lower elevations and in lowlands. While a
small percentage of Alfisols do occur at higher elevations and in uplands, Inceptisols and
Ultisols are much more common. Thus, if Gremillion (1998) is correct that initial
domestication occurred in the uplands, it is reasonable to conclude that over time,
horticulturalists would have shifted cultivation to lower elevation lowland landscapes
with higher-quality soils.
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Based on the information in the results of this analysis, it seems that neither
Smith’s nor Gremillion’s hypothesis can be conclusively confirmed or dismissed
(Gremillion 1998; Smith 2015). The relatively even distribution of sites across the
uplands and lowlands is simultaneously the most important evidence against the
hypotheses and the biggest hinderance to identifying which hypothesis has the most
evidence based on environmental variables. Generally, the settlement patterns within for
the Late Archaic and Woodland periods can be described as largely similar and it does
not seem that the intensification of horticulture altered these patterns in any significant
way during the Late Archaic and Woodland periods. A potential reason for these
similarities may be the segregation of space whereby activities such as horticulture may
not necessarily have taken place at residential locations. If this were true horticulture
could have taken place in wherever land is fertile enough regardless of the location’s
suitability for a settlement.
Future Directions
While the insights gained into the horticultural debate in this thesis are minimal,
the results are only reflective of the DBNF and its unique environmental features and
further studies should similarly compare landscape use in nearby regions. Despite the
lack of conclusive results, alterations to the methods used could prove fruitful in the
future. Perhaps the most beneficial change that could be made would be the limitation of
open air sites to only those that are explicitly labelled as “habitation” sites. In this thesis,
open air sites included sites that were classified as various other things, like cemetery,
stone mound, quarry, etc. while these sites could be an active settlement or near a
settlement, it cannot be certain. Doing this would reduce the sample size, perhaps
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dramatically, but by utilizing maxent modelling the smaller sample size would be
irrelevant. Increasing the specificity applies to variables as well, such as soil order,
which could be broken down further into the sub-orders or great groups. By being as
specific as possible, it is likely the results will be as accurate as possible.
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